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ABSTRACT 
 
Tow laboratory experiments were carried out to study the 
effect of salt-stress on Bradyrhizobium strains namely TAL 209, 
ENRRI 6 and USDA 3398. Five Pot Experiments were carried out to 
study the effect of salt- stress and Bradyrhizobium inoculation (strain 
TAL 209) on growth and symbiotic properties of lablab bean cultivars 
in different soil textures amended with N, P and chicken manure. 
The results indicated that lablab bean cultivars varied in their 
response to inoculation and /or salinity. Nodulation was more affected 
by salinity than the plant growth. Bradyrhizobium strain TAL 209 
significantly improved nodulation under normal conditions and salt- 
stress. Salinity significantly reduced shoot and root fresh and dry 
weights, nodules number and nodules dry weight of lablab bean. 
Plants grown in silt soil showed the highest results in all parameters 
measured followed by clay and sandy soils, respectively, under salt- 
stress.  
Under normal and saline conditions cultivar Sh. Black gave the 
highest results in all parameters measured followed by Sh. White and 
Sh. Brown, respectively. Under saline conditions, application of 
chicken manure significantly increased all parameters measured, 
where as no significant differences were observed between nitrogen 
and phosphorus fertilizers.  
Modelling of the results indicated a negative relationship 
between the salinity and nodule number and positive relationship 
between plant weight and nodule number. The results indicated that 
the Bradyrhizobium bacteria can be used as a biological fertilizer and 
to reduce the effect of salinity in soils of different textures. 
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 ﻤﻠﺨﺹ ﺍﻟﺒﺤﺙ
 
أﺟﺮﻳﺖ ﺗﺠﺮﺑﺘﺎن ﻣﻌﻤﻠﻴﺘﺎن ﻟﺪراﺳﺔ أﺛﺮ اﻟﻤﻠﻮﺣﺔ ﻋﻠﻰ آﻞ ﻣﻦ ﺳﻼﻻت 
 ADSU(  6 IRRNE )902 LAT muibozihrydarB .ps ﺑﻜﺘﺮﻳﺎ اﻟﻌﻘﺪ اﻟﺠﺬرﻳﺔ
ﻋﻠﻰ ﻧﺒﺎﺗﺎت آﻤﺎ أﺟﺮﻳﺖ ﺧﻤﺲ ﺗﺠﺎرب ﻓﻰ أﺻﺺ ﻟﺪراﺳﺔ أﺛﺮ اﻟﻤﻠﻮﺣﺔ 8933
 ﻓﻰ ﺛﻼﺛﺔ أﻧﻮاع 902 LATﻘﺤﺔ ﺑﺒﻜﺘﺮﻳﺎ اﻟﻌﻘﺪ اﻟﺠﺬرﻳﺔ ﺳﻼﻟﺔ اﻟﻠﻮﺑﻴﺎ اﻟﻌﻔﻦ اﻟﻤﻠ
 .ﻣﺨﺘﻠﻔﺔ ﻣﻦ اﻟﺘﺮﺑﺔ ﺗﺤﺖ ﺗﺄﺛﻴﺮ اﻟﻨﻴﺘﺮوﺟﻴﻦ واﻟﻔﺴﻔﻮر وﻣﺨﻠﻔﺎت اﻟﺪواﺟﻦ
 
أﺛﺒﺘﺖ اﻟﻨﺘﺎﺋﺞ أن أﺻﻨﺎف اﻟﻠﻮﺑﻴﺎ ﻗﺪ ﺗﻔﺎوﺗﺖ ﻓﻰ اﺳﺘﺠﺎﺑﺘﻬﺎ ﻟﻠﺘﻠﻘﻴﺢ ﺑﺎﻟﺒﻜﺘﺮﻳﺎ 
ﺛﺮ ﺗﻜﻮﻳﻦ اﻟﻌﻘﺪ آﻤﺎ أن ﺑﻜﺘﺮﻳﺎ اﻟﻌﻘﺪ ﻗﺪ ﺗﺤﻤﻠﺖ اﻟﻤﻠﻮﺣﺔ أآﺜﺮ ﻣﻦ ﻧﺒﺎت اﻟﻠﻮﺑﻴﺎ وﻗﺪ ﺗﺄ
 إﻟﻰ 902 LATأدى اﻟﺘﻠﻘﻴﺢ ﺑﺎﻟﺴﻼﻟﺔ .آﺜﺮ ﻣﻦ ﻧﻤﻮ اﻟﻨﺒﺎت أاﻟﺠﺬرﻳﺔ ﺳﻠﺒﺎ ﺑﺎﻟﻤﻠﻮﺣﺔ 
زﻳﺎدة ﻓﻰ ﺗﻜﻮﻳﻦ اﻟﻌﻘﺪ وزﻳﺎدة ﻓﻰ وزن اﻟﻨﺒﺎت اﻟﺠﺎف واﻟﺮﻃﺐ ﺗﺤﺖ اﻟﻈﺮوف 
  .اﻟﻄﺒﻴﻌﻴﺔ وﺗﺤﺖ ﻇﺮوف اﻟﻤﻠﻮﺣﺔ 
 
ﺑﺔ اﻟﻨﺒﺎﺗﺎت اﻟﻨﺎﻣﻴﺔ ﻓﻰ ﺗﺮﺑﺔ ﺳﻠﺘﻴﺔ أﻋﻄﺖ أﻋﻠﻰ ﻧﺘﺎﺋﺞ ﺗﻠﺘﻬﺎ اﻟﻨﺒﺎﺗﺎت ﻓﻰ اﻟﺘﺮ
 .hS أﻋﻄﻰ أﻋﻠﻰ ﻧﺘﺎﺋﺞ ﺗﻼﻩ اﻟﺼﻨﻒ kcalB .hSاﻟﺼﻨﻒ . اﻟﻄﻴﻨﻴﺔ ﺛﻢ اﻟﺮﻣﻠﻴﺔ
 .nworB .hS ﺛﻢ اﻟﺼﻨﻒ etihW
 
إﺻﺎﻓﺔ ﺳﻤﺎد ﻣﺨﻠﻔﺎت اﻟﺪواﺟﻦ أدى إﻟﻰ زﻳﺎدة ﻓﻰ آﻞ اﻟﻤﻌﺎﻳﺮ اﻟﺘﻰ ﺗﻢ ﻗﻴﺎﺳﻬﺎ 
 .ﺑﻴﻨﻤﺎ ﻟﻢ ﻳﻼﺣﻆ أى ﻓﺮق ﻣﻌﻨﻮى ﺑﻴﻦ اﻟﺴﻤﺎد اﻟﻨﻴﺘﺮوﺟﻴﻦ واﻟﻔﺴﻔﻮر
 
ن اﻟﻌﻼﻗﺔ ﺑﻴﻦ ﻋﺪد اﻟﻌﻘﺪ اﻟﺠﺬرﻳﺔ ووزن ﺑﻴﻨﺖ ﻣﻌﺪﻻت أﻧﻤﻮذج اﻹﻧﺤﺪار أ
ﻧﺒﺎت اﻟﻠﻮﺑﻴﺎ ﻣﻦ ﺟﻬﺔ واﻟﻤﻠﻮﺣﺔ ﻣﻦ ﺟﻬﺔ أﺧﺮى ﻋﻼﻗﺔ ﻋﻜﺴﻴﺔ ﺑﻴﻨﻤﺎ اﻟﻌﻼﻗﺔ ﺑﻴﻦ 
  .وزن اﻟﻨﺒﺎت وﻋﺪد اﻟﻌﻘﺪ اﻟﺠﺰرﻳﺔ ﻋﻼﻗﺔ ﻃﺮدﻳﺔ
 
ﺗﺸﻴﺮ ﻧﺘﺎﺋﺞ هﺬﻩ اﻷﻃﺮوﺣﺔ إﻟﻰ إﻣﻜﺎﻧﻴﺔ اﺳﺘﻌﻤﺎل ﺑﻜﺘﺮﻳﺎ اﻟﻌﻘﺪ اﻟﺠﺬرﻳﺔ 
 .آﻞ أﻧﻮاع اﻟﺘﺮﺑﺔ ﺳﻠﺘﻴﺔ وﻃﻴﻨﻴﺔ ورﻣﻠﻴﺔآﺴﻤﺎد ﺣﻴﻮى وﻟﻠﺘﻘﻠﻴﻞ ﻣﻦ ﺣﺪة اﻟﻤﻠﻮﺣﺔ ﻓﻰ 
 
 
 
 
 
 
 
 
 
 41
 
 
 42
CHAPTER ONE 
INTRODUCTION 
 
Over the course of history, thriving civilizations declined in 
part due to their inability to sustain food production on lands that had 
been salinized. It is estimated that 10 million hectares are now being 
lost every year as a result of salinity and / or water logging. Excessive 
use of water for irrigation due to inefficient irrigation distribution 
systems, poor on- farm management practise and inappropriate 
management of drainage water cause many of these problems. 
Inefficient on-farm management practices cause local salinity 
problems.  In most soils of arid and semi/arid regions in Sudan, 
sufficient amounts of soluble salts, environmental conditions, poor 
drainage and high evaporation rates that exceed precipitation, result in 
salt-affected soils. 
High concentration of salts in soil may interfere with 
adsorption of water and uptake of nutrients by plants through the 
development of high osmotic pressure in the soil solution that hinders 
adsorption of water by the root cells. Salt affected soils generally are 
low in available nutrients. Most of salt-affected soils in the Sudan 
have a relatively low nutrients status, they contain 0.01-0.02% organic 
nitrogen (Mustafa, 1986). 
The plant family leguminosae is second to gramineae in 
importance. Members of this family have a world-wide distribution 
with greatest variety occurring in the tropics. The family holds 
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promise for mankind in supplying the vast increasing demand for 
proteins for man and animal, especially in low-income countries. The 
ability of these plants to transform dinitrogen into a combined form 
through the partnership it develops with the nodule-forming bacteria 
Rhizobium has conferred a special characteristic on the legumes. 
Dolichos is a large group of tropical vines, the most 
commonly grown kind is D. Lablab, the Hyacinth.   Dolichos is one of 
the main fodder legumes in the world. It is grown as a green manure 
in many countries. Dolichos Lablab is an old established irrigated 
crop in Sudan. It is intercropped with sorghum in Northern state and 
irrigated central clay plain. The crop was introduced in the Gezira 
scheme as a part of the rotation as the main fodder for cattle. The crop, 
either green or silage, is used as live stock fodder. Young pods and 
seeds are used as human food in Sudan and India and other parts of 
the tropics.    
Legume inoculation aims at introducing sufficient numbers of 
a vigorously invasive and efficient homologous Rhizobium or 
Bradyrhizobium strains to the seed or soil to increase legume 
production and improve soil fertility. Legumes are generally believed 
to be either sensitive or only moderately tolerant to salinity. However, 
there is a variation in salt resistance among legumes, and most of them 
respond to saline conditions by exclusion of Na and /or Cl ions from 
the leaves, or by accumulation in various parts of the plants (Lauchli, 
1984). Research on the effect of salinity on Rhizobium and its 
symbiotic properties with legumes in the Sudan indicated that 
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nodulation and growth of legumes can be significantly enhanced by 
Rhizobium inoculation (Doleib, 1999).       
The objectives of this study were: 
1-to investigate the effect of salinity on Bradyrhizobium strains     
and lablab bean cultivars. 
2-to investigates the symbiotic performance of salt tolerant 
Bradyrhizobium strain compared to biological, chemical and 
organic fertilizers in different soil textures. 
3-to derive a model if possible for the relationship between 
salinity, plant growth and symbiotic properties.   
 45
CHAPTER TWO 
LITERATURE REVIEW 
2.1 Salinity 
Salt – affected soils in the Sudan occur in the desert and semi- 
desert climate zones, e.g. the higher terrace of the River Nile and its 
tributaries, and in the arid regions, e.g. central clay plain in North 
Gezira (Abdalla, 1986). The impact of salinity on agriculture is now 
being felt in irrigated areas in which soil- and water- borne salts are 
accumulated during repeated cycles of water use. Non-saline soils 
could easily be damaged and degraded by secondary Stalinization 
through irrigation with water from Blue Nile, White Nile and River 
Nile (Abdalla 1986; Mustafa 1986). These problems will become 
more serious as increasing population leads to intensive use of land 
and water, and as presently unused or marginally used resources are 
pressed into service. The entire physical and biological systems 
involved in saline agriculture must be understood and carefully 
managed if increased production is to be achieved.  
2.1.1 Effect of salinity on plants  
In many areas, soil salinity is the main factor limiting plant 
growth. Salt stress results in stunted plants with dark green leaves that, 
in some cases, are thicker and more succulant than normal.  
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High concentration of salts may affect plant growth by (i) the 
toxic effect of specific ions, (ii) reduction of soil water potential, 
thereby reducing water a viability and (iii) nutrient ion imbalance 
(Yeo, 1983; Termaat and Munns, 1986). Salts such as boron and 
chloride, have harmful effects even if their concentration is low 
(Rowell, 1988). Moreover, salts may be harmful themselves, but their 
harmful effect is more likely to be due to the consequences of the high 
pH values they bring about. At high pH values many nutrients, such as 
phosphate ions and manganese become unavailable to plants (Rowell, 
1988). The accumulation of soluble sodium also causes poor aeration 
and low water permeability and other undesirable features related to 
poor soil structure (Miller et al., 1983). 
2.1.2 Effect of salinity on legumes 
Leguminous crops differ in their tolerance to salinity (Mass, 
1986). Legumes are generally either sensitive or moderately tolerant 
to salinity (Elsheikh, 1998a). Under saline conditions, roots of 
chickpea were found to be less affected than shoots (Elsheikh, 1992). 
In fenugreek plants, increasing levels of salinity (3,4,6 or 16 
dS/m) significantly reduced shoot and root dry weight, as well as 
nodules number per plant (Forawi, 1994). Moreover, salinity was 
reported to decrease N2 fixation, shoot and root dry weights, 
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leghaemoglobin and soluble protein concentration in nodules of faba 
bean (Delgado et al., 1994). According to Ahmed (1996), faba bean 
cultivar Basabeer was found to be more tolerant than cultivars Agabat, 
Silaim and Shambat 616. Among eight fenugreek cultivars; namely, 
AbuHamad, Berber, DamarI, DamarII, Dongola, Habashy, Hindy and 
Rubatab, Forawi and Elshiekh (1995) found that cultivar Berber is the 
most tolerant and cultivar Damar I is the most sensitive to salinity. 
Thy attrributed variations among cultivars to (i) the variation in salt 
resistance among cultivars, (ii) the exclusion of sodium and chloride 
ions from the leaves, and (iii) the accumulation of toxic ions in 
various parts of the plant. Further more Delgado et al. (1994) found 
that in peas, faba bean, Phaseolous viulgaris and soybean, salinity 
significantly decreased N2 fixation, shoot and root dry weights, 
leghaemoglobin and soluble protein concentration in nodules. 
2.2 Forages 
Forage crops are classified under two large families: 
Gramineae and Leguminoseae. Forage legumes are most important 
because of the nitrogen-fixating characteristic, which may be 
beneficial to other crops when grown in rotation. It was found that 
lubia, clitoria and phillipesara are the most productive forage legumes. 
Ibrahim et al. (1996) clearly showed that lubia is better than both 
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other crops quantity and quality wise; moreover, lablab forage yield is 
relatively stable over the year compared to clitoria and phillipesara. 
2.2.1 Lablab purpureus 
The origin: The origin of lablab bean is Africa (Kenya) and 
India. The crop is now widely grown in the tropics of Africa, 
Australia, India and America (Philpotts, 1969; 1994) 
Common names: Rongai dolichos and lablab bean in 
Australia, Poorman’s bean and Tonag bean in England, Lubia Afin in 
Sudan, Batao in Philippines and Hyacinth bean in Brazil (Skerman et 
al, 1988). 
Description: Lablab bean is a summer growing, rampant and 
vigorously twining herbaceous, annual or short- lived perennial. Stems 
are robust 3.6m, leaves are trifoliate, and leaflets are broad ovate. 
Petioles are long and slender, flowers are white, blue or purple. Pods 
are 4-5cm long containing two to four seeds.  
Crop cultivars: Many of natural varieties have bean named 
taxonomically as lablab bean. From 39 to 50 varieties are recognized 
based on variability of the size, shape and colour of pods (green white, 
purple margins), fleshy or fibrous, size, shape or colour of seeds 
(white to yellow to black or reddish purple) and flower characteristics 
of corolla leaves (Duke, 1981).                 
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In the Sudan, four lablab cultivars namely Brazilian, 
Highworth, Local and Rongai gave the best yield of both forage and 
grain, and proved to be well adapted. The local cultivar produced the 
lowest forage yield and grain (Ishag, 1994). Ibrahim (1999) evaluated 
six lablab genotypes. There were significant differences in five 
characters namely plant height, seeds per pod, days to flowering, 
number of reproductive branches per plant and pods per reproductive 
branches. On the other hand, no significant differences were detected 
for other studied characters. These were days to maturity; pods per 
plant, 1000-seed weight and yield per plant and per hectare.  
Crop establishment: Lablab bean is a tropical summer 
growing forage closely related to cowpeas. It is indigenous dual 
purpose legume grown in irrigated Gezira scheme and rain fed areas 
in soils ranging from light sands to heavy clays (Mahdi and Atabani, 
1992) provided drainage is good. It can be grown in a wide range of 
pH (5 to 7.5); salinity reduces the plant population (Skerman et al, 
1988). It is used as food crop in areas with rainfall in excess of 750 
mm but not above 2500mm (Skerman et al., 1988). It is adapted to 
variable conditions ranging from warm temperature, dry to moist 
through tropical desert to wet forest zones (Duke, 1981).  Lablab 
doesn’t grow rapidly till December in South Queens land, when 
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temperatures exceed 29o C. Minimum temperature for growth is about 
30oC (Skerman et al., 1988). 
Sowing methods and seed rate: Lablab was found not to 
form nodules naturally in some locations and it is preferable to treat 
the seeds with cowpea strains CB 756 (Skerman et al., 1988; English, 
1986). The crop may be seeded in many ways either drilled in 1m 
rows into a prepared seedbed or broadcasted sowing. It is 
advantageous to weeding, interculture, fertilizer application and 
mechanical harvesting. lablab may be grown as mixed crop with 
grasses like Cenhrus ciliaris and Lasiurus sindcus in India, or with 
maize in many countries. In Sudan, lablab is grown with maize or 
sorghum along the Nile (Ahmed, 1978). It was reported by Suwanarit 
et al (1998) that maize-lablab intercropping system was the best for 
simultaneous production of maize and green manure, and for 
improving soil chemical properties. Lablab drilled in a wide range of 
seed rate, from 5 kg/ha (Skerman et al, 1988) up to 70kg/ha (Duke, 
1981) depending on sowing method and the purpose of which the crop 
is grown (Wilden, 1974). English (1986) and Mustafa et al (1999) 
reported that lablab seed rate is about 5kg/ha in row planting and 20-
24kg/ha when broadcasted. 
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Sowing date: Generally lablab can be sown all over the year 
in the Sudan although the productivity is reduced in winter, so the best 
time for sowing ranges from March to October (Mustafa et al., 1999). 
It was observed that the best productivity was from July sowing 
(Ahmed, 1978). Nevertheless in Gezira, sowing date is in September 
to avoid cotton leaf virus, which is harboured by lubia (Abu-Agada et 
al 1981, Mustafa et al., 1999). 
Irrigation and weeding: In northern states of Sudan, the 
summer growing lubia is irrigated every 14 days, but Damira sown 
lubia needs to be irrigated every 8 days. In Khartoum state the 
irrigation is applied every 10 days (Mustafa et al., 1999). Lablab 
needs one weeding after three to six weeks from sowing followed by 
another weeding after each cut. Once established, the crop will 
continue to grow and cover up all the interspaces and thus has 
smothering effect on weeds (Ckakravaraty and Ramartan, 1971). 
Fertilization: Pastures are usually grown on lower fertility 
soils, which are not well suited for cropping. Hence soil fertility 
problems are found in most tropic pasture situations. The use of 
fertilizers is a good way for increasing pasture growth and nutritive 
value and thus for increasing animal number and individual animal 
performance (Humphreys, 1978).    
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 2.3   Rhizobia and Bradyrhizobia 
2.3.1 General 
The root-nodule bacteria, genera Rhizobium and 
Bradyrhizobium, are Gram- negative non- sporing motile rode-shaped 
bacteria that are capable of invoking nodulation on roots of 
leguminous plants (Sprent, 1989).             
Rhizobia are fast growing, acid producing bacteria on yeast 
extract mannitol. Whereas, Bradyrhizobia are slow growing bacteria 
and show alkaline reaction on yeast extract mannitol media. Optimal 
growth of most strains occurs in a temperature range of 23-30 oC and 
pH of 6.7 (Somasegaran and Hoben, 1994).  
2.3.2Classification of Rhizobia  
The root nodule bacteria (genus Rhizobium) are genetically 
divers and physiologically heterogeneous group of microrganisms that 
are nevertheless classified together by virtue of their ability to 
nodulate groups of plants of the family Leguminosae. This 
classification scheme is referred to as (Cross-inoculation) grouping 
(Somasegaran and Hoben, 1994). Three genera of Rhizobia have been 
identified (Sprent, 1989) these were: Rhizobium, usually fast growing 
with narrow range of specificity; Bradyrhizobium usually slow often 
with broad range of host specificity and Azorhizobium, fast growing 
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and with only one species identified as a host. A recent classification 
introduced two new genera: Photorhizobium and Mesorhizobium 
(Table 2.1; Elsheikh personal communication). 
2.3.3 Response of legumes to Inoculation 
Inoculation of legumes with Rhizobium usually significantly 
increases nodulation, dry yield and seed yield. The importance of 
biological nitrogen fixation has been recognized in Sudan since the 
early days of the Gezira Scheme (Mukhtar and Babiker, 1994). For 
improvement of nodulation and nitrogen fixation there is a need for 
competitive inoculation strains to compete with indigenous rhizobia, if 
any (Mahdi, 1992). 
Ageeb (1979) reported that Bradyrhizobium inoculation of 
Soybean resulted in yield comparable with application of 86kgN/ha. 
Later, Khalifa (1987) demonstrated that, inoculated plants were able 
to fix about 80 kg N/ha. 
Research on forage legumes such as cowpea (Vinga 
ungiculata) and hyacinth bean (Lablab purpureus) showed that they 
were usually well nodulated naturally and were active nitrogen fixers. 
These crops still respond to inoculation with competent Rhizobium 
strains (Atabani, 1988). Ismail et al., (1996) found that in cowpea  
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Bradyrhizobium inoculation led to a significant increase in number 
and dry weight of nodules compared to the control. Nodulation and 
plant dry weight increased significantly when cowpea was inoculated 
with Bradyrhizobium strain VUDI (Zhao et al., 1997). Inoculation of 
cowpea by Bradyrhizobium strain ENRRI-16C significantly increased 
shoot and root fresh and dry weight, nodules number, nodules dry 
weight and nitrogen content (Doleib, 1999). Inoculation of Medicago 
sativa increased dry matter by seven folds and fresh and dry fodder by 
46% and 28%, respectively, whereas 120 kg N/ha eliminated 
nodulation (Mukhtar and Babiker, 1994). Positive response to 
inoculation of alfalfa was also reported by (Mohammed and Osman, 
1994; and El Nesariy, 1997). 
2.3.4    Response of Lablab purpureus to inoculation 
Inoculations of forage legumes have yielded valuable 
information on the use of rhizobial inoculation in meeting or at least 
supplementing crop nitrogen requirements. Cowpea (Vigna 
unguiculata) and Hyacinth bean (Lablab purpureus) attracted most of 
this research (Ferguson et al., 1960; Musa and Burhan, 1974; Musa 
1975; Mahdi, 1975; Mahdi and Habish, 1975; Habish and Mahdi, 
1976; Abdalla, 1984; Atabani, 1988). Results have shown that both 
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crops were usually naturally well nodulated and were active nitrogen 
fixers (Mahdi, 1993)                              
  2.4   Effect of salinity on rhizobia 
 Rhizobia and bradyrhizobia strains vary in their tolerance to 
salinity. It has been reported that strains of Rhizobium species 
nodulating the same leguminous plant differ in their tolerance to 
salinity (Adlan, 1995; Elsheikh and Wood, 1995). Elsheikh (1998a) 
reported that fast-growing rhizobia are more salt tolerant than slow- 
growing bradyrhizobia and that tolerance in rhizobia depends upon the 
carbon and the energy source used in the growth medium, incubation 
temperature, pH value and type of salt used.  
According to Forawi (1994), the four tested Rhizobium 
meliloti strains tolerated salinity up to 64 ds/m in solution culture. 
However, very little work was carried out in the Sudan to screen 
different strains of rhizobia and bradyrhizobia for salt tolerance. This 
could be attributed to the well-documented fact that rhizobia are more 
salt tolerant than their host leguminous crops (Elsheikh, 1992). 
Despite the numerous experiments conducted world wide on the 
growth and survival of rhizobia and bradyrhizobia strains, most of the 
reports confound the effects of salt and pH and express (EC), ionic 
species and molecular weight (Elsheikh, 1998). 
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Salts may inhibit growth because of the abnormally high 
intracellular solute concentration. That results rather than any effect 
they might have on the osmolarity in the cytoplasm. It has been shown 
that some mineral ions affect growth because they inhibit the activity 
of specific enzymes (Elsheikh, 1998a). 
2.5    Effect of salinity on nodulation: 
Salinity had a harmful effect on nodulation and N- fixation on 
fenugreek plant (Forawi, 1994). Elsheikh and wood (1990) reported 
that salinity completely inhibited nodulation in chickpea cultivar ILC 
482, at 7dS/m and plants died at 8dS/m. Moreover, increasing salinity 
levels (0, 4, 8, 12 and 14dS/m) significantly decrease nodulation and 
yield of four fodder legumes namely; Trifolium alexandrinum, 
Tifolium resupinatum, Medicago sativa and Melilotus indica (Bratra 
and Ghai, 1988).  
In pigeon pea cultivar ICPL227, the numbers of nodules per 
plant and nodule dry weight were markedly reduced by 8ds/m, 
especially when inoculation was delayed 14 days after sowing 
(Subarao et al., 1990). 
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2.6   Effect of fertilizers and amendments on legumes: 
2.6.1 Effect of N-fertilizers 
Legumes don’t obtain all their nitrogen need from fixation, 
estimates range from 5% to 80% for different legumes under different 
environmental conditions (Beringer et al., 1988). Experiments on the 
influence of N-fixation showed that high doses of nitrogen decreased 
nodulation and nitrogenase activity (Mukhtar, and Babiker, 1994). 
Urea markedly increased dry weight and total nitrogen content of 
inoculated plants. Moderate levels of nitrogen fertilizer (up to 36kg N/ 
ha) slightly enhanced nodulation, while higher doses (80-100 kg N/ 
ha) completely suppressed it (Gewily and Kheder, 1985). In Faba 
bean, application of 166.7 kg N/ha increased 100-seed weight and 
yield (Monib et al., 1994). 
Marked stimulation of nitrogen fixation by early 
supplementation with combined nitrogen has been observed with 
soybean and lupin (Gibson, 1976) and with lucerne, cowpea, peas and 
beans (Sprent et al., 1983). Mukhtar and Nourai, 1988 found that high 
doses of nitrogen reduced nodulation and nitrogenous activity. Starter 
doses (10 kg/ha), however, improved plant stand and enhanced N2 
fixation and production. Application of 21.5 kg N/ ha resulted in a 
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significant increase in faba bean plant growth and yield (Alzidany, 
1995).         
2.6.2Effect of phosphorus fertilizers 
Phosphorus is one of the macronutrients for plants to live and 
reproduce. It is essential for energy transfer, cell division and enzyme 
action. It is especially needed for good legume growth and root 
development and phosphorus is concerned with the process of 
flowering and fruiting and nitrogen fixation by bacteria.       
According to Ahmed and Elsheikh (1998), the application of 
super phosphate significantly increases fresh and dry weight of shoots, 
roots and number of nodules of faba bean plants under saline and 
none- saline conditions. They concluded that P fertilizers could be 
used under salt stress to improve the performance and symbiotic 
properties of faba bean. 
Patel et al., (1995) studied the effect of sowing spaces and 
super phosphate application in lablab yield. They found that the 
highest yield was with 40-cm row spacing and application of 50 kg 
P2O5/ ha. Ibrahim et al., (1996) reported that the application of 
phosphorous fertilizer had a significant effect on forage yield of lubia 
and phillipisara. Application of 40 kg P2O5/ ha increased dry matter 
yields of Dolichos lablab from 1.46-1.82 t/ha without phosphorus to 
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2.04-2.38 t/ha and seed yield from 266 to 328 kg/ ha with phosphorus 
application.    
3.6.2 Effect of chicken manure   
Manure efficiency is influenced by many factors. These include the 
type of chicken, age, kind and amount of feed and 
climatic conditions during management practise. These 
factors, undoubtly, influence the amount as well as the 
composition of chicken and were studied by many 
investigators. Application of chicken manure up to 15 
ton/ha increased the number of flowers and pods per 
plant, growth, nitrogen content and yield of faba bean 
(Alzidany, 1995). Mohammedzein, (1996) found that the 
application of chicken manure to inoculated, nitrogen-
fertilized and mycorrhizal-infected groundnut plants 
resulted in increased dry matter production, plant 
nitrogen and phosphorus content, number of pods per 
plant and yield. In alfalfa, chicken manure treatment 
significantly increased shoot and root dry weight by 42% 
and 38% respectively, nodules number per plant by 62% 
and nodules dry weight by three folds compared to the 
control (El Nesairy, 1997). Gill and Meedu (1982) found 
that the application of manure improved soil fertility 
status and increased microbial population. Chicken 
manure enhanced nodulation, yield and number of pods 
per plant in fenugreek plants (Forawi, 1994).      
2.7 Response of legume-Rhizobium symbiosis to salinity in the 
Sudan: 
Research on the effect of salinity on Rhizobium and its 
symbiotic properties with legumes in the Sudan indicated that rhizobia 
are more salt tolerant than their host legumes and the fast growing 
rhizobial strains were more salt tolerant than the slow growing 
bradyrhizobia (Elsheikh, 1998b). 
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The deleterious effect of salinity on nodulation, growth and 
nitrogen fixation under saline conditions was reported for Phaseolus 
vulgaris in both pot and field experiments (Osman et al., 1996). 
Similar results were also reported for alfalfa (Musa, 1976).                              
Among 33 cultivars of chickpea, only six survived at 50 mM NaCl 
(Elsheikh, 1998a). According to Elsheikh (1992), shoots, 
roots and nodulation of chickpea were significantly 
inhibited by salinity. Forawi and Elsheikh (1995) found 
that nodulation of fenugreek increased nine folds due to 
inoculation in saline soil compared to untreated control. 
Under saline conditions, application of N, P, S, 
mycorrhiza and chicken manure gave comparable results 
to those of Rhizobium and Rhizobium inoculation was 
found to have a great potential for improving fertility in 
saline soils (Elsheikh, 1998b).   
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CHAPTER THREE 
MATERIAL AND METHODS 
 
3.1   Seed collection and sterilization 
Three cultivars of Lablab bean were used in this study 
namely Sh. Brown 95, Sh. White 95 and Sh. Black 95 .The three 
cultivars were obtained from the Department of Agronomy, 
Faculty of Agriculture, University of Khartoum. 
Seeds were sterilized by dipping in 95% ethanol for two 
minutes, immersed for three minutes in 0.1% mercuric chloride 
and rinsed thoroughly with sterile distilled water. 
3.2 Soil         
Three types of soils with different soil texture were used through 
this investigation. They were: 
1- Gerif soil from the river Nile bank.  
2- Soil from Elrawakeeb area (45 Km west of Khartoum).  
          3- Shambat soil from Shambat area. 
Some of the physical and chemical properties of the used soils are 
shown in table (3.1). 
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3.3 Bradyrhizobium 
   The Bradyrhizobium strains used in this study were:  
 i.  TAL 209 which was obtain from Nif TAL project in 
University of Hawaii, USA 
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 ii. USDA 3398 obtained from the United States Department of 
Agriculture,  
 iii. ENRRI 6, which was locally isolated from Lablab bean in the 
National Centre for Research, Sudan.  
3.3.1 Strain preservation 
Bradyrhizobium strains were maintained on yeast extract 
mannitol agar (YEMA), which had the following composition 
(g/l): 0.5 K2HPO4; 0.2 MgSO4. 7H2O; 0.1 NaCl; 3.0 CaCO3; 10.0 
mannitol; 0.2 yeast extract; 15.0 agar in 1000 ml of distilled water 
at 25oC.    
3.3.2 Strain liquid media  
The strain growth media had the same composition as that 
for strain preservation (section 3.3.1) except agar. The strains 
were grown in sterilized liquid media in conical flasks on an 
orbital shaker at 90 rpm at 25oC for three to six days until 
turbidity to give about (107 -109) cfu/ml (colony forming units / 
ml). 
3.3.2 Bradyrhizobium inoculations  
In pot experiments inoculation with Bradyrhizobium strain 
TAL 209 was carried out by adding 5 ml of Bradyrhizobium 
culture in broth liquid media YEM to each plant and irrigated 
immediately after inoculation. Uninoculated plants received the 
same amount of Rhizobium–free culture. 
3.3.3Artificial salinization 
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 (a) Laboratory experiments 
Calcium chloride and sodium chloride were added to the 
defined medium before autoclaving to give a final electrical 
conductivity (EC) of 0.0, 10.0,20.0, 30.0, or 40.0 dS /m at fixed 
SAR and a final sodium adsorption ratio (SAR) of 0.0, 15.0, 30.0, 
45.0 and 60.0 (meq/l) ½. 
 (b) Pot experiments  
Calcium chloride and sodium chloride were used for 
preparing a mixed salt solution of different electrical conductivity 
(dS/m) and a different sodium adsorption ratio All salinity levels 
were equilibrated with tap water EC 0.26 (dS/m to give a final 
electrical conductivity of 0.26, 2.0, 4.0, 6.0, 8.0 or 10.0 dS/m and 
other experiment to give a final SAR of 0.0, 5.0, 10.0, 15.0, 20.0, 
25.0 or 30.0 (meq/l) ½ respectively which were used to irrigate 
plants in different pot experiments. 
3.4 Growth and survival of Bradyrhizobium strains on 
different concentrations of EC and SAR 
This investigation was conducted to study the growth 
and survival of Bradyrhizobium strains on different levels of 
electrical conductivity (dS/m) or sodium adsorption ratio. 
Three strains were used namely: TAL 209, USDA 3398 and 
ENRRI 6. 
Defined medium with electrical conductivity of 0.0, 10.0, 
20.0, 30.0 or 40.0dS/m were dispensed as 75 ml aliquots in 200 
ml sterile medicinal bottles. The medium was inoculated with a 
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four-day old culture (107- 109) to give a final concentration of 
(102-103) cfu/ml. The medium was maintained on YEM broth and 
shaken at 90 rpm for each strain under investigation in a factorial 
combination with three replicates per treatment. Optical densities 
at wavelength 540 nm were determined immediately after 
inoculation and then measured every five days up to 15days.  
A similar experiment was carried out during the same time 
to study the effect of sodium adsorption ratio with the following 
concentration of SAR 0.0, 15.0, 30.0, 45.0 and 60.0 (meq/l) ½ on 
the same Bradyrhizobium strains. Details were other wise as 
described for the EC experiment.  
3.5 Pot experiments 
3.5.1General 
Five pot experiments were carried out at the glass house, 
Faculty of Agriculture, University of Khartoum during the period 
February to May 2001, to study the effect of salinity on the 
symbiotic properties of lablab been inoculated with 
Bradyrhizobium strain TAL 209. The experimental design was 
randomized complete block design with three replicates. Plastic 
pots with 30cm in diameter were used as experimental units. The 
pots were filled with 8 kg soil.  
Five sterile seeds were sown in each pot. After seven days 
plants were thinned to three plants per pot and application of 
Bradyrhizobium strain TAL 209 and/or chemical fertilizers were 
added where appropriate.       
Irrigation with tap water continued for three weeks after 
which irrigation with saline water was started, plants were 
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irrigated whenever necessary.  Plants were harvested six and eight 
weeks after sowing. 
3.5.2 Bradyrhizobium inoculation procedure 
Seeds were inoculated by mixing with a thick suspension of 
sterilized charcoal-based Bradyrhizobium inoculants, with 
average count of 1x109 cfu/ml. Enough amount of gum Arabic 
solution (40 %) was added to seeds for good adhesion. Seed 
inoculation was carried out in the glasshouse. 
3.6 .1 Pot experiment 1 
The effect of salinity (dS/m) and Bradyrhizobium on growth and 
symbiotic properties of lablab bean: 
Lablab bean plants cultivar Sh. Brown 95 was used in this 
experiment. Treatments were as follows: 
1- Untreated plants (control). 
2- Plants inoculated with Bradyrhizobium strain TAL 209. 
Each of these treatments was irrigated with saline water of 
an EC of   0.26, 2.0, 4.0, 6.0, 8.0 or 10.0(dS/m). Each treatment 
was replicated three times.   
3.6.2 Pot experiment 2 
Effect of sodium adsorption ratio (SAR) and 
Bradyrhizobium on growth and symbiotic properties of lablab 
bean:    
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Lablab bean plants cultivar Sh. Brown 95 was used in this 
experiment. Treatments were as follows: 
1- Untreated plants (control) 
     2- Plants inoculated with Bradyrhizobium strain TAL 209. 
Each of these treatments was irrigated with saline water of 
SAR 0.26, 5.0, 10.0, 15.0, 20.0, 25.0 or 30.0 (meq/l) ½. Each 
treatment was replicated three times.  
3.6.3Pot experiment 3: 
Effect of salinity (dS/m), Bradyrhizobium and soil texture 
on lablab bean. 
Lablab bean plants cultivar Sh. Brown 95 was used in this 
experiment. Treatments were as follows: 
1-Untreated plants (control) 
     2-Plants inoculated with Bradyrhizobium. 
3-Plants grown in a Gerif soil. 
4-Plants grown in Elrawakeeb soil. 
5-Plants grown in Shambat soil. 
Each of these treatments was irrigated with saline water of 
an EC of 0.26, 2.0, 4.0, 6.0, 8.0 or 10.0 (dS/m). Each treatment 
was replicated three times.   
3.6.4 Pot experiment 4 
Effect of salinity (dS/m) and Bradyrhizobium on growth 
and symbiotic properties of three lablab bean cultivars. 
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Three lablab bean cultivars were used in this investigation 
these were: Sh. Brown 95, Sh. Black 95 and Sh. White 95. 
Treatments were as follows: 
1-Untreated plants (control). 
2-Plants inoculated with Bradyrhizobium strain TAL 209. 
Each treatment was irrigated with saline water with an EC 
of 0.26, 2.0, 4.0 or 6.0 dS/m each treatment replicated three times.  
 
 
Pot experiment 5 
Effect of salinity (dS/m), Bradyrhizobium, nitrogen, 
phosphorus and chicken manure on lablab bean. 
 Lablab bean plants cultivar Sh. Brown 95 was used in this 
experiment. Treatments were as follows: 
1-Untreated plants (control). 
2-Plants inoculated with Bradyrhizobium strain TAL 209.  
3-Plants received 40 kg N/ha. 
4-Plants received 50 kg P2O5/ha. 
5-Plants received 5.9 ton/ha chicken manure. 
Each treatment was irrigated with saline water of an EC 
0.26, 2.0, 4.0 or 6.0 dS/m. Nitrogen fertilizer in the form of urea 
was added at sowing. Triple super phosphate was placed 10cm 
below soil surface before sowing. Chicken manure (Table 3.2) 
was applied two weeks before sowing and pots irrigated twice 
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before sowing. Inoculation with Bradyrhizobium strain was as 
previously described (section 3-6).         
3.7Plant analysis: 
After harvesting the following parameters were assessed: 
1- Shoot fresh and dry weight per plant. 
     2- Root fresh and dry weight per plant. 
3- Nodules number per plant. 
     4- Nodules weight per plant.  
Fresh weights were determined immediately after harvest. 
Dry weights were determined after drying at 80 oC for 48 hours. 
3-8 Statistical analysis: 
The data obtain from the field and laboratory experiments 
were analysed statistically (Analysis of Variance) to detect 
significant differences between the different treatments.  
    3-9 Regression models 
The models used in this study were: - 
1- Linear regression model 
            Y= a0 + a1x   
2- Logarithmic model 
           Y= a + a0 + lux 
        3- Exponential model 
           Y= a a0x  
   4- Polynomial model 
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           Y= a2+ xa1 + a0 x2 
  5- Power model 
           Y= a xa0 
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Table (3.2): Some of the chemical properties of chicken 
manure used in the study. 
           Property               Concentration 
             Na (mg/Kg)                 83.5 
             Ca (mg/Kg)                  438 
             Mg (mg/Kg)                 304.6 
             K mg/Kg)                250 
             P%                3.75 
             N%                1.83 
            EC (dS/m)                18.3 
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CHAPTER FOUR 
RESULTS 
 
4.1 Laboratory experiments 
4.1.1 Effect of salinity (dS/m) on growth and survival of  
         Bradyrhizobium strains 
Salinity significantly (P≤0.05) decreased the growth of all 
strains tested. The growth (turbidity by optical 
density) decreased with increased salinity levels and 
increased with the incubation period. Strain TAL 209 
showed a significantly higher growth under normal 
and saline conditions (Figs 4.1, 4.2 and 4.3). 
4.1.2 Effect of sodium adsorption ratio on growth and 
survival of Bradyrhizobium strains 
Statistical analysis showed that sodium adsorption ratio 
significantly (P≤0.05) reduced the growth of all strains. The 
growth was also found to be affected by the incubation period 
(Figs 4.4, 4.5 and 4.6). 
4.2 Pot experiment 1 
Effect of salinity (dS/m) and Bradyrhizobium on growth 
and symbiotic properties of lablab bean 
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Fig.4.1 Effect of salinity (ds/m) and incubation period on turbidity
            (optical density) as an index of growth of strain TAL 209. 
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Fig.4.2 Effect of salinity (ds/m) and incubation period on turbidity 
            (optical density) as an index of growth of strain Enrri-6. 
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. 
Fig.4.3 Effect of salinity (ds/m) and incubation period on turbidity
           (optical density) as an index of growth of strain USDA 3398. 
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Fig.4.4 Effect of salinity (ds/m) and incubation period on turbidity
            (optical density) as an index of growth of strain TAL 209. 
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Fig.  4.5 Effect of sodium adsorption ratio and incubation period on turbidity 
              (optical density) as an index  of growth of strain Enrri-6.
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Fig.4.6 Effect of sodium adsorption ratio and incubation period on turbidity
            (optical density) asan index of growth of strain USDA 3398.  
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4.2.1  Effect of treatments on shoot fresh and dry 
weights 
Salinity (EC) significantly (P≤0.05) reduced the shoot fresh 
(Table 4.1) and dry weights (Table 4.2) of lablab bean cultivar Sh. 
Brown 95, compared to the untreated control after six and eight 
weeks from sowing. Inoculation with Bradyrhizobium 
significantly (P≤0.05) increased the fresh and dry weights of 
shoots at different salinity levels. The salinity X Bradyrhizobium 
interaction was significant after eight weeks from sowing. 
4.2.2 Effect of treatments on root fresh and dry weights  
Salinity (EC) significantly (P≤0.05) reduced the root fresh 
(Table 4.3) and dry weights (Table 4.4) of lablab bean cultivar sh. 
Brown 95, compared to the untreated control after six and eight 
weeks from sowing. Inoculation with Bradyrhizobium 
significantly (P≤0.05) increased the fresh and dry weights of roots 
at different salinity levels. The salinity X Bradyrhizobium 
interaction was significant after eight weeks from sowing. 
4.2.3Effect of treatments on nodules number and nodules dry 
weights 
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Salinity (EC) significantly (P≤0.05) reduced the nodules 
number and nodules dry weight (Table 4.5) of lablab bean cultivar 
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Table 4.1 Effect of salinity EC (dS/m) and Bradyrhizobium on  
shoot fresh weight (g /plant) of lablab bean.  
          
        Values with the same letter are not significantly different                                       
     SE EC  + 0.034                      SE   
EC  + 0.37 
     SE   INOC  + 0.004                      SE   
INOC  + 0.004   
  SE   EC*INOC + 0.137                         SE EC*INOC + 0.150 
 
6 weeks after sowing 8 weeks after sowing 
Salinity 
level 
 
Uninoculated  
 
Inoculated
 
Mean 
 
Uninoculatd
 
Inoculated 
 
Mean 
 
0 
 12.1 13.1 
      
12.8A
 
14.2 a 
 
 
17.4 b 
        
15.8A 
 
2 11.7 12.0 11.9B 
 
13.4 c 
 
16.0 d 
        
14.7 B 
 
4 10.3 11.1 10.7C 
 
12.3 e 
 
15.1 f 
        
13.7 C 
 
6 
9.4 10.1 9.8D 
 
11.4g 
 
14.3a 
 
 
 
 
        
12.8 D 
 
8 8.7 9.2 
      
8.5E 
 
10.6h 
 
13.0ch 
        
11.8 E 
 
10 7.9 8.2 
      
8.0F 
 
9.9i 
 
11.7g 10.8 F 
 
Mean 10.1 B 10.6 A  12.0 B  14.7 A  
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Table 4.2 Effect of Salinity EC (dS/m) and Bradyrhizobium on 
shoot dry weight (g /plant) of lablab bean. 
 
 
 
SE EC  + 0.015                                          SE EC + 0.019 
SE INOC + 0.002                                               SE   INOC + 0.002  
SE EC*INOC + 0.061                                         SE  EC*INOC  + 0.071 
 
6 weeks after sowing  8 weeks after sowing 
Salinity 
level 
 
Uninoculatd 
 
 
Inoculated
 
Mean 
 
Uninoculatd
 
Inoculated 
 
Mean 
 
0 
           
3.6 
        
3.8 
        
3.7A 
          
4.6 a 
         
5.9 b 
         
5.2 A  
 
2 
           
2.6 
        
3.0 
        
2.8 B 
          
3.9 c  
         
5.1 d 
         
4.5 B 
 
4 
           
2.3 
        
2.5 
        
2.4C 
          
3.3 e  
         
4.5 a 
         
3.9 C 
 
6 
           
1.9 
        
2.1 
        
2.1D 
          
2.5 f 
         
4.0 c 
         
3.3 D 
 
8 
           
1.7 
        
1.7 
        
1.7 E 
          
2.1 g 
         
3.4 e 
         
2.7 E 
 
10 
           
1.3 
        
1.4 
        
1.4F 
          
1.9 g 
         
2.4 f  
         
2.2 F 
 
Mean B 2.2 A 2.5  B 3.0  A 4.2   
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Table 4.3 Effect of salinity EC (dS/m) and Bradyrhizobium on 
root fresh weight (g/plant) of lablab bean. 
   
 
SE EC  +0.009                                                  SE EC +0.016 
SE INOC +0.001                                              SE INOC +0.002 
SE EC*INOC +0.003                            SE EC*INOC +0.064   
 
 
 
 
 
 
 
 
 
 
 
 
6 weeks after sowing 8 weeks after sowing 
Salinity 
level Uninoculated Inoculated Mean Uninoculated Inoculated Mean 
0             3.0 
        
3.2 
       
3.1 A 
           
4.4 a  
           
5.4 b 
        
4.9 A 
2             2.6 
        
2.8 
       
2.7 B  
           
3.8 c 
           
4.1 d 
        
4.3 B  
4             2.3 
        
2.5 
       
2.4 C  
           
3.3 e 
           
4.1 c 
        
3.7 C  
6             1.8 
        
2.1 
       
1.9 D 
 
2.9 f 
           
3.3 e 
        
3.1 D 
8             1.4 
        
1.7 
       
1.5 E  
           
2.5 g 
           
2.6 g 
        
2.5 E  
10             1.1 
        
1.3 
       
1.2 F  
           
1.7 h 
           
2.1 i 
        
1.9F  
Mean  B 2.0 
 
A 2.3  
 
B 3.1  
 
A 3.7   
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Table 4.4 Effect of salinity EC (dS/m) and Bradyrhizobium on 
and dry weight (mg/plant) of lablab bean.                                        
      
 
 SE EC +0.002                                                      SE EC +0.006   
 SE INOC +0.000                                                 SE INOC +0.000 
 SE EC*INOC +0.007                                          SE EC*INOC + 0.024    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6 weeks after sowing 8 weeks after sowing 
Salinity 
level Uninoculated Inoculated Mean Uninoculated Inoculated Mean 
0             5.4 
        
6.4  
       
5.9 A 
           
7.2 a 
        
9.3 b 
        
8.2 A  
2             4.3 
        
5.4 
       
4.9 B  
           
6.0 c 
        
8.5 b 
        
7.3 B 
4             3.9 
        
5.0 
       
4.4 C  
           
5.5 cd 
        
7.6 ae 
        
6.5 C 
6             3.6 
        
4.4 
       
4.0 D 
           
4.9dfcg 
        
6.2 h 
        
5.6 D 
8             3.2 
        
4.0 
       
3.6 E  
           
4.5 fg 
        
5.1 cf 
        
4.8 E  
10             2.7  
        
3.3 
       
3.0 F  
           
4.1g 
        
4.0 g 
        
4.1 F 
Mean B 3.9 A 4.7  B 5.4 A 6.8  
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Table 4.5 Effect of salinity EC (dS/m) and 
Bradyrhizobium on nodules number (g/plant) of 
lablab bean. 
 
 
 
SE EC +0.186                                                   SE EC +0.305    
SE INOC  +0.744                                                          SE INOC +0.034   
SE EC*INOC + 1.02                                                     SE EC*INOC +1.224 
 
 
 
 
 
 
 
 
 
 
 
6 weeks after sowing 8 weeks after sowing 
Salinity 
level Uninoculated Inoculated Mean Uninoculated Inoculated Mean 
0           17.0 a 
          
62.0 b 
        
39.5 A 
           
25.0 a 
         
85.0 b 
         
55.0 A 
2           14.0 c 
          
46.0 d 
        
30.0 B 
           
20.0 c 
         
75.7 d 
         
47.8 B 
4         12.0 c 
          
31.0 e   
        
21.7 C 
           
15.7 cf 
         
69.0 e 
         
42.3 C 
6        9.0 f 
         
20.0 e 
        
14.8 D 
           
12.0 fh 
         
49.0 g 
         
30.5 D 
8         7.0 f 
         
13.0 c 
        
10.0 E 
           
9.0 hj 
         
31.0 i 
         
20.0 E 
10         5.0 gf 
        
7.0 gf 
        
6.0 F  
           
7.0 j 
         
20.0 c 
         
13.5 F 
Mean B10.7  A 30.0   B 14.8  A 54.9   
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Sh. Brown 95, compared to the untreated control, after six and 
eight weeks from sowing. The presence of nodules on roots of 
uninoculated lablab bean plants indicated the presence of 
indigenous rhizobia in soil. In plants irrigated with saline water of 
EC ≤ 10 dS/m, inoculation with Bradyrhizobium significantly 
(P≤0.05) increased nodule number compared to their homologous 
uninoculated plants (Table 4.5). It is worth mentioning that 
Bradyrhizobium inoculation alleviated completely the effect of 
salinity up to 8 dS/m and produced nodule significantly betteror 
similar to that of the uninoculated and salinity-free control (Table 
4.5) after eight weeks from sowing. The effect of salinity (EC) 
and Bradyrhizobium inoculation on nodules dry weight followed 
more or less a similar pattern to that of nodules number (Table 
4.6). 
 
4.3 Pot experiment ΙΙ 
Effect of salinity (dS/m) and Bradyrhizobium on growth and 
symbiotic properties of lablab bean as influenced by soil 
texture 
4.3.1 Effects of treatments on the shoot fresh and dry 
weights 
The shoot fresh (Table 4.7) and dry weights (Table 4.8) of 
lablab bean cultivar Sh. Brown 95, were significantly (P≤0.05) 
affected by soil texture. plants grown in the silty soil showed the 
highest shoot fresh and dry weights,  
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Table 4.6 Effect of salinity EC (dS/m) and Bradyrhizobium on 
nodules dry weight (mg/plant) of lablab bean. 
 
SE EC +0.001                                                          SE EC +0.060    
SE INOC +0.000                                                     SE INOC +0.007 
SE EC*INOC +0.0.005                                           SE EC*IN +0.238 
 
 
 
              6 weeks after sowing 8 weeks after sowing 
Salinity 
level Uninoculated Inoculated Mean Uninoculated Inoculated Mean 
0             2.4 a 
        
6.9 b 
       
4.6 A 
          
4.6 a 
        
14. 4 b 
       
9.5 A  
2             2.0 c 
        
5.9 b 
       
3.9 B 
          
4.0 c 
        
12. 7d 
       
8.4 B  
4                     1.5 e 
        
5.0 f 
       
3.3 C 
          
2.9 e 
        
8.9 f 
       
5.9 C  
6                     1.1 g 
        
4.1 h 
       
2.6 D 
          
1.9 g 
        
5.8 h 
       
3.7 D  
8                      0.8 i 
        
3.2 j 
       
2.0 E 
          
1.4 i 
        
4.1 c 
       
2.8 E  
10             0.5 k 
        
2.1 c 
       
1.3 F  
          
0.8 j 
        
3.1 e 
       
1.9F   
Mean B 1.4  A 4.5   B 2.6 A 8.1  
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Table 4. 7 Effect of Salinity EC (dS/m), Bradyrhizobium and soil 
texture on shoot fresh weight (g/plant) of lablab bean. 
 
 
SE EC +0.002                                                             SE EC +0.002 
SE INOC +0.000                                                        SE INOC +0.000 
                                6weeks after sowing 
           Uninoculated                       Inoculated 
Salinity 
level 
(dS/m) 
Gerf Elrawakeeb Shambat   Gerf Elrawakeeb    Shambat    Mean 
0  12.4c 
 
6.5 ab 
 
6.9 a 
 
13.1f 
        
10.0e 
         
11.3d 8.64 A  
2  11.7i 
        
5.6gh 
 
5.9 h 
 
12.0c 
        
9.8k 
         
10.2j 7.93 B  
4  10.3l 
 
4.6k 
         
4.8 k 
 
11.0m 
        
9.5k 
         
9.8bh 7.01 C 
6  9.4n 
 
3.8 e 
 
3.7 e 
 
10.1g 
        
8.4ho 
         
8.3o 6.41 D  
   Mean         A10.9     
 
   B5.1 
  
    C 5.3 
 
  D11.6 
 
E9.4 
 
F9.9  
8weeks after sowing  
         Uninoculated                                   Inoculated 
Salinity 
level 
(dS/m) Gerf Elrawakeeb Shambat   Gerf Elrawakeeb   Shambat    Mean 
0  14.2c 
 
10.0bh 
        
11.3a 
        
17.4e 
        
11.8i 
         
14.4c 
          
    12.6A     
2          13.4f 
        
9.8bh 
        
10.2b 
        
16.0g 
        
8.8d 
         
13.4f 
 
11.9B     
4          12.3i 
        
9.5hi 
        
9.8bh 
        
15.1j 8.7d 
         
11.4al 
           
     11.1C  
6          11.4al 
        
8.4dk 
        
8.3k 
        
14.3c 
        
8.5dk 
         
9.7h 
 
10.6D  
   Mean 
 
A12.8 
 
B9.4 
 
C9.9 
 
D15.7 
 
B9.4 
 
E12.2  
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SE EC* INOC +0.007                                   SE EC*INOC 
+0.008 
SE EC*TEX +0.029                                      SE EC*TEX +0.32 
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Table 4.8   Effect of Salinity EC (dS/m), Bradyrhizobium and soil 
texture on shoot dry weight (g/plant) of lablab bean.         
 
 
  
     
  SE EC +0.001                                                     SE EC +0.000 
  SE INOC +0.0.000                                             SE INOC +0.003 
  SE EC*INOC +0.000                                         SE EC*INOC +0.003   
 SE EC*TEX +0.017                                SE EC*TEX +0.013 
6 weeks after sowing  
              Un inoculated Inoculated Salinity 
level 
(dS/m) Gerf Elrawakeeb Shambat   Gerf Elrawakeeb   Shambat    Mean 
0          3.6c 
 
1.3b 
 
1.6 a 
 
3.8c 
        
1.3b 
 
1.9d 
        
2.2 A  
2  2.6g 
 
1.0f 1.3b 
 
3.0h 
        
0.9ef 
 
1.6a 
        
1.7 B  
4  2.3i 
        
0.9ef 
 
1.1be 
 
2.5g 
        
0.8ef 1.2bf 
        
1.5 C  
6  1.9d 
 
0.7e 
 
0.8ef 
 
2.1di 
        
0.7e 
 
0.9ef 
        
1.3D 
   Mean A2.6 B1.0 C1.2 D3.6 E0.9 F1.4  
8weeks after sowing  
Un inoculated Inoculated Salinity 
level 
(dS/m) Gerf Elrawakeeb Shambat   Gerf Elrawakeeb   Shambat    Mean 
0  4.6 c 
        
2.3ba 
        
2.5ae 
         
5.9f 
        
2.6e 
         
3.4d 
    
    3.5 A  
2  3.8g 
        
2.1bim 
        
2.1bimf 
         
5.1i 
        
2.5 ae 
         
2.9h 
 
3.1 B  
4  3.3d 
        
2.0j 
        
1.8jk 
         
4.5c 
        
2.4a 
         
2.5a 
 
   2.8C 
6  2.5a 
        
0.7l 
        
1.7k 
         
4.0n 
         
2.2m 
         
2.1bim 
 
2.2 D  
   Mean  A3.5 
 
B1.8 
 
C2.0 
 
D4.9 
 
E2.4 
 
F2.8  
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followed by those grown in clay soil and minimum growth was 
produced in sand soil. Salinity (EC) significantly (P≤0.05) 
reduced the shoot fresh and dry weight of lablab bean cultivar Sh. 
Brown 95, compared to the untreated control after six and eight 
weeks from sowing. Inoculation with Bradyrhizobium 
significantly (P≤0.05) increased the fresh and dry weights of 
shoot at different salinity levels. The salinity X Bradyrhizobium 
interaction was significant after eight weeks from sowing. 
4.3.2 Effect of treatments on root fresh and dry weights  
The root fresh (Table 4.9) and dry weights (Table 4.10) of 
lablab bean cultivar sh. Brown 95, were significantly (P≤0.05) 
affected by soil texture.  Silt soil showed the highest root fresh 
and dry weights, followed by clay soil and the minimum growth 
was produced in sand soil. Salinity (EC) significantly (P≤0.05) 
reduced the root fresh and dry weights of lablab bean cultivar sh. 
Brown 95, compared to the untreated control after six and eight 
weeks from sowing. Inoculation with Bradyrhizobium 
significantly (P≤0.05) increased the fresh and dry weights of root 
at different salinity levels. The salinity X Bradyrhizobium 
interaction was significant after eight weeks from sowing.             
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Table 4.9 Effect of Salinity EC (dS/m), Bradyrhizobium and soil 
texture on root fresh weight (g/plant) of lablab bean.        
 
 
 
 
SE EC +0.001                                                   SE EC +0.001 
SE  INOC  +0.000                                                         SE INOC +0.093 
SE  EC* INOC +0.003                                                  SE EC*INOC +0.003 
6 weeks after sowing  
Un inoculated Inoculated Salinity 
level 
(dS/m) Gerf Elrawakeeb Shambat   Gerf Elrawakeeb   Shambat    Mean 
0         3.0c 
       
 2.0bm 
         
1.6a 
       
3.2 f 
          
0.9e 
 
2.3d 2.2A 
2  2.6h 
 
1.6 a 
 
1.4g 
       
2.8j 
          
1.1i 
 
1.8bc 
 
1.7B 
4  2.3d 
 
1.2i 
 
1.1i 
       
2.5h 
          
1.3k 
 
1.3gk 
 
1.5C 
6  1.8b 
 
0.7l 
         
0.7l 
       
2.1m 
          
2.0bm 
 
1.4g 
 
1.3D 
   Mean  A2.42 
 
B1.4 
 
C1.2 
 
D2.0 E1.3 F1.7  
8weeks after sowing 
Uninoculated Inoculated Salinity 
level 
(dS/m) Gerf Elrawakeeb Shambat   Gerf Elrawakeeb   Shambat    Mean 
0  4.4c 
 
1.8b 
         
2.7a 
       
5.4f 
          
1.4e 
         
2.9d 
 
3.13 A 
2  3.8g 
        
  1.8bi 
         
1.9bo 
       
4.8i 
          
1.5ej 
         
2.5h 
 
2.73 B  
4  3.3kp 
 
1.6j 
         
1.8bi 
       
4.1m 
          
1.7j 
         
2.3l 
 
2.46 C 
6  2.9d 
 
1.1n 
         
1.6ej 
       
3.3p 
          
2.0o 
         
2.0o 
        
2.15 D 
   Mean A3.6 B1.7 
         
C2.2 
 
D4.4 
 
E1.7 
 
F2.4  
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SE EC*TEX +0.010                                      SE EC*TEX +0.019 
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Table 4.10 Effect of Salinity EC (dS/m), Bradyrhizobium and soil    
texture on root dry weight (mg/plant) of lablab bean.     
 
 
 
   SE EC + 0.000                                                      SE EC +0.000 
   SE INOC +0.000                                                  SE INOC +0.000                  
   SE EC*INOC +0.000                                           SE EC*INOC +0.001                     
  SE EC*TEX +0.000                                  SE EC*TEX +0.005
6 weeks after sowing  
Un inoculated Inoculated Salinity 
level 
(dS/m) Gerf Elrawakeeb Shambat     Gerf Elrawakeeb  Shambat    Mean 
0  5.4c 
           
3.7bi 
           
6.2a 
        
6.4a 
          
1.7eh 
        
7.3d 
 
5.1 A 
2  4.3gn 
           
2.7f 
           
5.5c 
        
5.4c 
          
1.8eh 
        
6.1a 
 
4.3 B 
4  3.9i 
           
2.1hl 
           
4.1gi 
        
5.0k 
          
1.9eh 
        
5.1jk 
 
3.7 C 
6  3.6b 
           
1.3m 
           
2.1l 
        
4.4n 
          
2.7f 
 
2.5b 
 
2.8 D 
   Mean  A4.3 
 
B2.4 
 
C4.5 D5.3 E2.0 
 
D5.2  
8weeks after sowing  
Un inoculated Inoculated Salinity 
level 
(dS/m) Gerf Elrawakeeb Shambat    Gerf Elrawakeeb Shambat    Mean 
0           7.2a 
           
3.6b 
          
7.2a 
        
9.3c 
          
4.8d 
        
9.4c 
 
    6.9 A 
2           6.0fj 
           
3.3b 
          
5.7e 
        
8.5g 
          
4.8d 
        
8.6g 
 
6.1 B  
4  5.5fd 
           
3.0b 
          
5.0di 
        
7.6a 
          
4.7di 
        
7.2a 
 
5.5 C  
6           4.9di 
           
2.0h 
          
4.5di 
        
6.2j 
          
4.4i 
        
5.6 fdj 
 
4.6 D  
   Mean  A6.0 
 
B3.0 
 
C5.6 
 
D7.9 
 
E4.7 
 
F7.7  
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4.3.3 Effect of treatments on nodule number and nodules dry 
weight 
The nodules number (Table 4.11) and nodule dry weights 
(Table 4.12) of lablab bean cultivar Sh. Brown 95, were 
significantly (P≤0.05) affected by soil texture. Silt soil showed the 
highest nodules number and nodule dry weight, followed by clay 
soil and the minimum nodulation was produced in sand soil. 
Salinity significantly (P≤0.05) reduced nodules number and 
nodules dry weight of lablab bean cultivar Sh. Brown 95, 
compared to the untreated control, after six and eight weeks from 
sowing. The presence of nodules on roots of uninoculated lablab 
bean plants indicated the presence of indigenous rhizobia in all 
tested soils. It is worth mentioning that, in silt soil, 
Bradyrhizobium inoculation alleviated completely the effect of 
salinity (up to 6 dS/m) and produced nodules significantly better 
than that of the uninoculated and salinity free control (Table 4.11) 
after six and eight weeks from sowing. 
The effect of salinity (EC) and Bradyrhizobium inoculation 
on nodules dry weight followed more or less a similar pattern to 
that of nodules number (Table 4.12). 
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Table 4.11 Effect of Salinity EC (dS/m), Bradyrhizobium and soil 
texture on nodules number of lablab bean, (nodules/plant).                                             
 
 
 
    SE EC +0.010                                                      SE EC +0.02 
    SE INOC +0.002                                                 SE NOC +0.01      
    SE EC*INOC +0.04                                            SE EC*INOC +0.07           
    SE EC*TEX +0.15                                              SE EC*TEX +0.30      
6 weeks after sowing 
Un inoculated Inoculated Salinity 
level 
(dS/m) Gerf Elrawakeeb Shambat Gerf Elrawakeeb Shambat Mean 
0         17.0bd 
 
9.0a 
         
9.0a 
       
62.0e 
         
19.0d 
         
38.0c 
 
25.7 A 
2         14.0g 
 
6.0fk 
         
6.0fk 
       
46.0i 
         
16.0bg 
         
29.0h 
 
19.5 B 
4         12.0g 
 
3.0j 
         
5.0f 
       
31.3m 
         
13.7g 
         
22.7l 
 
14.6 C 
6         9.0a 
 
2.0j 
         
3.0jk 
       
20.7dl 
         
6.3f 
         
16.3b 
 
9.6 D 
Mean  A13.0 
 
B5.0 
 
C5.8 
 
D40.0 
 
E13.8 
 
F26.5  
8weeks after sowing 
Un inoculated Inoculated Salinity 
level 
(dS/m) Gerf Elrawakeeb Shambat Gerf Elrawakeeb Shambat Mean 
0  25.0ac       21.0afl
         
23.0afl 
       
85.0d 
         
28.0c 
          
55.0b 
 
39.5 A 
2  20.0fl          18.0f
        
12.0ek 
       
75.7h 
         
20.0f 
          
35.0g 
 
30.6 B 
4  15.7fkl            7.0i
         
8.0ei 
       
69.0j 
        
17.0flk 
          
25.0ac 
 
23.6 C 
6  12.0k 
         
4.0i 
         
5.0i 
       
49.0m 
       
   14.0 k     
          
20.0f 
 
17.3 D 
Mean  A18.2 
 
B12.5 
 
C12.0 
 
D7.0 
 
E19.8 
 
F33.8  
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Table 4.12   Effect of Salinity EC (dS/m), Bradyrhizobium and 
soil texture on nodules dry weight (mg/plant) of lablab bean.  
   
 
 
SE EC +0.000                                               SE EC +0.000                        
SE INOC +0.000                                                      SE INOC +0.000                   
6 weeks after sowing  
Un inoculated Inoculated Salinity 
level 
(dS/m) Gerf Elrawakeeb Shambat   Gerf Elrawakeeb Shambat    Mean 
0  2.4a 
         
1.5b 
        
2.3a 
       
6.9d 
        
5.1c 
         
5.2c 
 
3.89 A  
2 2.0f          1.2e 
        
1.3be 
       
5.9i 
        
4.2h 
         
4.4g 
 
3.17 B 
4  1.5b 
         
0.6k 
        
0.9j 
       
5.0c 
        
3.0 l   
         
4.0gh 
 
2.50 C  
6  1.1e 
         
0.2m 
        
0.2m 
       
4.0 h 
        
2.3 a 
         
3.2l 
 
1.86 D  
   Mean  A1.7 B0.9 C1.2 
 
D1.4 
 
E3.6 
 
F4.2  
8weeks after sowing  
Un inoculated Inoculated Salinity 
level 
(dS/m) Gerf Elrawakeeb Shambat   Gerf Elrawakeeb   Shambat    Mean 
0  4.6b 
        
 4.7bp 
        
3.5a 
       
14. 4e 
         
10. 1d 
         
1.2c 
 
   8.2 A  
2  4.0g 
         
3.3f 
        
3.0fl 
       
12. 7i 
         
9.0h 
         
9.2h 
 
6.9 B  
4  2.9l 
         
1.8k 
        
2.3j 
       
8.9h 
         
5.6n 
         
6.4m 
 
4.7 C  
6  1.9k 
         
1.2o 
        
2.1kj 
       
5.6n 
         
4.1g 
         
5.0p 
 
3.3 D 
   Mean  A3.3 
 
B2.8 
 
C2.7 
 
D10.4 
 
E7.2 
 
F8.19  
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SE EC*INOC +0.000                                               SE EC*INOC +0.001    
SE EC*TEX + 0.002                                                SE C*TEX+ 0.002 
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4.4   Pot experiment ΙΙΙ 
Effect of salinity (dS/m) and Bradyrhizobium on growth and 
symbiotic properties of lablab bean as influenced by different 
cultivars 
4.4.1 Effect of treatments on shoot fresh and dry weights  
The shoot fresh (Table 4.13) and dry weight (Table 4.14) of 
lablab bean cultivars were significantly (P≤0.05) different in 
different cultivars. Cultivar Sh. Black 95 showed the highest 
shoot fresh and dry weights, followed by cv. Sh. White and the 
minimum growth was produced by cv. Sh. Brown. Salinity (EC) 
significantly (P≤0.05) reduced the shoot fresh and dry weights of 
lablab bean cultivar compared to the untreated pots after six and 
eight weeks from sowing. Inoculation with Bradyrhizobium 
significantly (P≤0.05) increased the fresh and dry weights of 
shoot at different salinity levels. 
4.4.2 Effect of treatments on root fresh and dry weights   
The root fresh (Table 4.15) and dry weights (Table 4.16) 
of lablab bean cultivar were significantly (P≤0.05) affected by 
different cultivars. Cultivar Sh. Black 95 showed the highest 
root freshanddryweight, followedbycv.Sh.White95 and the 
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minimum 
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Table 4.13 Effect of Salinity EC (dS/m), Bradyrhizobium and 
variety on shoot fresh weight (g/plant) of lablab bean.       
 
 
                                                                         
 SE EC + 0.002                                                          SE EC + 0.003 
 SE INOC + 0.001                                                     SE INOC + 0.001 
 SE EC*INOC + 0.008                                              SE EC*INOC + 0.010 
 SE EC*Variety + 0.031                                           SE EC*Variety + 0.044 
6weeks after sowing 
Un inoculated Inoculated Salinity 
level 
(dS/m) Sh.Black95 Sh.White95 Sh.Brown95 Sh.Black95 Sh.White95 Sh.Brown95    Mean 
0           12.8 ae 
 
12.7ace
 
12.4c 
 
14.8b 
 
14.5b 
      
13.1e 13.4 A 
2  12.7c 
 
11.8c 
 
11.7c 
 
13.8d 
 
13.3e 
       
12.0c 12.5 B 
4        12.0c 
     
10.7cfg
 
10.3f 
 
12.9a 
       
12.6a 
 
11.1h 11.6C 
6  11.6c 
 
9.1h 
 
9.4h 
        
12.0yc 
       
11.7c 
 
10.1f 10.6 D 
Mean  A12.3 
 
B11.1 
 
C10.9 
 
   D13.4   
       
E13.0   
       
F11.6  
8weeks after sowing  
Un inoculated Inoculated Salinity 
level 
(dS/m) Sh.Black95 Sh.White95 Sh.Brown95 Sh.Black95 Sh.White95 Sh.Brown95 Mean 
         
0 
 
16.2 
 
15.4 
 
14.2 
 
19.0 
 
18.2 
 
17.4 
 
16.7A 
 2     15.2 
 
14.3 
 
13.4 
 
17.3 
 
17.2 
 
16.0 
 
15.6 B 
4  14.3 
 
13.4 
 
12.3 
 
16.3 
 
16.5 
 
15.1 
  
  14.7 C 
6  13.2 
 
12.1 
 
11.4 
 
15.4 
 
15.2 
 
14.3 
 
13.6 D 
Mean  A14.7 
 
B13.8 
 
C12.8 
 
D17.0 
 
E16.8 
 
F15.7  
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Table 4.14 Effect of Salinity EC (dS/m) Bradyrhizobium and 
variety on shoot dry weight (g/plant) of lablab bean.         
 
 
6weeks after sowing 
Uninoculated Inoculated Salinity 
level 
(dS/m) Sh.Black95 Sh.White95 Sh.Brown95 Sh.Black95 Sh.White95 Sh.Brown95    Mean 
0  2.9adh 
 
3.6bg 
 
3.6g 
 
3.4b 
 
4.0j 
 
3.8g 3.5 A 
2  2.5ci 
 
3.0ad 
 
2.6c 
 
2.7d 
 
3.5bg 
 
3.0h 2.9 B 
4           2.0e 
        
2.5cd 
 
2.3i 
 
2.1ec 
        
3.0ah 
 
2.5cd 2.4 C 
6           1.6f 
        
2.1ei 
 
1.9ef 
 
1.7f 
        
2.5cd 
 
2.1e 2.0 D 
Mean  A2.3 
 
B2.8 
 
C2.6 
 
D2.5 
 
E3.3 
 
F2.9  
8weeks after sowing  
Uninoculated Inoculated Salinity 
level 
(dS/m) Sh.Black95 Sh.White95 Sh.Brown95 Sh.Black95 Sh.White95 Sh.Brown95    Mean 
0  5.5a 5.0c 
 
4.6e 
 
6.3b 
 
6.3b 
 
5.9d 
 
5.6A 
 2  5.1c 
 
4.5e 
 
3.8fg 
 
5.9d 
 
5.7ad 
 
5.1c 
 
5.0 B 
4  4.5e 
 
4.5ei 
 
3.3g 
 
5.3ac 
 
5.1c 
 
4.5e 
         
4.5 C 
6 3.8f 
        
3.5fg     
 
2.5h 
        
4.6e 
       
4.0fi 4.0fi 
         
3.7 D 
Mean A4.7 B4.3 
 
C3.6 
 
D5.5 
 
E5.3 
 
F4.9  
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SE EC +0.001                                         SE EC +0.0012 
SE INOC + 0.000                                               SE INOC +0.000 
SE EC*INOC + 0.004                                        SE EC*INOC +0.005 
SE EC*Variety + 0.015                                     SE EC*Variety +0.021  
 
 
Table 4.15 Effect of Salinity EC (dS/m), Bradyrhizobium and 
variety on root fresh weight (g/plant) of lablab bean.        
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SE EC +0.001                                        SE EC +0.002 
SE INOC +0.000                                              SE INOC +0.000     
SE EC*INOC +0.0.003                                    SE EC*INOC +0.006           
SE EC*Variety   +0.011                                  SE EC*Variety + 0.024
6weeks after sowing 
Uninoculated Inoculated Salinity 
level 
(dS/m) Sh.Black95 Sh.White95 Sh.Brown95 Sh.Black95 Sh.White95 Sh.Brown95    Mean 
0  3.5a 
 
3.4adgk
 
3.0c 
       
3.8b 
         
3.6j 
       
3.2gk 3.4 A 
2  3.1c 
 
2.8i 
 
2.6ef 
       
3.4d 
 
3.2k 
 
2.8i 3.0 B 
4  
2.7e 
        
2.3d 
       
2.3d 
 
 3.1cgk 2.8i 
      
2.5def 2.6 C 
6 
2.2d 
        
0.9l 
       
1.8h 
       
2.5f 
         
2.4df 
       
2.1d 2.0 D 
Mean  A2.8 
 
B2.4 
 
B2.4 
 
C3.2 
 
D3.0 
 
E2.7  
8weeks after sowing  
Un inoculated Inoculated Salinity 
level 
(dS/m) Sh.Black95 Sh.White95 Sh.Brown95 Sh.Black95 Sh.White95 Sh.Brown95    Mean 
0  5.4abd 
 
5.0dh 
       
4.4g 
 
5.7b 
 
6.9j   5.4abd 
        
    5.5 A 
2   4.5cheg 
 
4.3ceg 
       
3.8e 
 
5.3d 
 
5.3ad 
 
4.8h 
 
4.7 B 
4  4.0e 
 
3.8e 
       
3.3f 
       
4.5c 
 
4.5cgh 
       
4.1f 
 
     4.0 C 
6  3.5fe 
 
3.3f 
       
2.9i 
       
4.1e 
 
3.8e 
 
3.3f 
 
3.5 D 
Mean  A4.4 
 
B4.1 
 
C3.6 
 
D4.9 
 
E5.1 
 
A4.4  
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Table 4.16 Effect of Salinity EC (dS/m), Bradyrhizobium and 
variety on root dry weight (g/plant) of lablab bean.    
 
 
 
 
     SE EC + 0.000                                               SE EC +0.001 
     SE INOC +0.001                                           SE INOC +0.000 
     SE EC*INOC +0.001                                    SE EC*INOC +0.003 
     SE EC*Variety +0.003                                 SE EC*Variety +0.010 
 
6weeks after sowing 
Uninoculated Inoculated Salinity 
level 
(dS/m) Sh.Black95 Sh.White95 Sh.Brown95 Sh.Black95 Sh.White95 Sh.Brown95    Mean 
0  6.8a 
 
6.8aidj
 
5.4c 
 
6.0bi 
 
9.4k 
 
6.4i 6.8 A 
2  5.3c 
 
4.2j 
 
4.3j 
 
4.6d 
 
6.7aj 
 
5.4c 5.1 B 
4  
3.6ef 
 
3.0fh 
         
3.9ej 3.5f 5.0cd 
 
5.0cd 4.0 C 
6  
2.1g 
 
2.1g 
 
3.6e 
 
2.7h 
 
3.5efi 4.4dj 3.1 D 
Mean  A4.5 
 
B4.2 
 
C4.3 
 
B4.2 
 
D6.1 
 
E5.3  
8weeks after sowing  
Un inoculated Inoculated Salinity 
level 
(dS/m) Sh.Black95 Sh.White95 Sh.Brown95 Sh.Black95 Sh.White95 Sh.Brown95    Mean 
0  13. 2 
 
11. 3 
 
7.2 
 
14. 7 
 
13. 3 
 
9.3 
 
11.5A 
2  9.4 
 
9.0 
 
6.0 
 
11. 3 
 
9.1 
 
8.5 
        
8.9 B 
4  7.6 
        
6.1 
         
5.5 
        
9.2 
 
8.0 
 
7.6 
 
   7.3 C 
6  6.5 
        
4.0 
         
4.9 
 
7.3 
 
6.5 
 
6.2 
 
   5.9 D 
Mean  A9.2 
 
B7.6 
 
C5.9 
 
D10.6 
 
A9.2 
 
E7.9  
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growth was produced by cv. Sh. Brown 95 Salinity (EC) 
significantly (P≤0.05) reduced the root fresh and dry weights of 
lablab bean cultivar compared to the untreated control after six 
and eight weeks from sowing. Inoculation with Bradyrhizobium 
significantly (P≤0.05) increased the fresh and dry weights of root 
and different salinity levels. The salinity X Bradyrhizobium 
interaction was significant after six and eight weeks from sowing.    
4.4.3 Effect of treatments on nodules number and nodules dry           
          weight 
 
           The nodules number (Table 4.17) and nodule dry weights 
(Table 4.18) of lablab bean cultivar were significantly (P≤0.05) 
affected by different cultivar. Cultivar Sh. Black 95 showed the 
highest nodules number and nodule dry weights, followed by cv. 
Sh. White 95 and the minimum nodulation was produced by cv. 
Sh. Brown Salinity significantly (P≤0.05) reduced the nodules 
number and nodules dry weight of lablab bean cultivar untreated 
control, after six and eight weeks from sowing. The presence of 
nodules on roots of uninoculated lablab bean plants indicated the 
presence of indigenous rhizobia in soil. It is worh mentioning 
that, Bradyrhizobium inoculation alleviated completely the 
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Table 4.17 Effect of Salinity EC (dS/m), Bradyrhizobium and 
variety on nodules number of lablab bean.          
 
 
 
6weeks after sowing 
Uninoculated Inoculated Salinity 
level 
(dS/m) Sh.Black95 Sh.White95 Sh.Brown95 Sh.Black95 Sh.White95 Sh.Brown95    Mean 
0  25.0a 
 
21.7ac 
 
17.0c 
 
67.0i 
 
62.0b 
 
62.0b 42.4 A 
2  20.0c 
 
17.3c 
 
14.0e 
 
51.7d 
 
49.0d 
 
46.0d 33.0 B 
4  
10.0e 
        
13.0e 
 
12.0e 
 
40.0j 
 
38.7f 
 
31.0h 24.1 C 
6  
4.0g 
 
9.0e 
 
9.0e 
 
25.0ac 
 
23.0ac 
 
20.7ac 15.1 D 
Mean  A14.8 
 
B15.3 
 
C13.0 
 
D45.9 
 
E43.2 
 
F4.0.0  
8weeks after sowing 
Uninoculated Inoculated Salinity 
level 
(dS/m) Sh.Black95 Sh.White95 Sh.Brown95 Sh.Black95 Sh.White95 Sh.Brown95    Mean 
0  29.0 
 
    30.0 
 
25.0 
 
99.7 
 
92.0 
 
85.0 
 
    60.1 A 
2  22.0 
 
20.0 
 
20.0 
 
81.0 
 
77.0 
 
75.7 
 
49.3 B 
4  13.0 
 
11.0 
 
15.7 
 
73.0 
 
69.0 
 
69.0 
 
    41.8 C 
6  7.0 
 
5.0 
        
12.0 
 
60.0 
 
57.0 
 
49.0 
 
31.7 D 
Mean  A17.6 
 
B16.5 
 
C18.2 
 
D78.4 
 
E73.8 
 
F69.7  
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  SE EC +0.020                                         SE E +0.024 
   SE INOC +0.005                                               SE INOC +0.006 
   SE EC*INOC +0.079                                        SE EC*INOC +0.096 
   SE EC*Variety +0.316                                     SE EC*Variety +0.384 
Table 4.18 Effect of Salinity EC (dS/m), Bradyrhizobium and 
variety on nodules dry weight (mg/plant) of lablab bean.         
 
 
 
6weeks after sowing 
Uninoculated Inoculated Salinity 
level 
(dS/m) Sh.Black95 Sh.White95 Sh.Brown95 Sh.Black95 Sh.White95 Sh.Brown95 Mean 
0  3.3a 
 
3.8 ahj 
 
2.4e 
        
9.7b 
 
8.7i 
 
6.9o 5.8 A 
2  2.8c 
 
3.1ak 
 
2.0 g 
 
7.6 d 
 
6.1l 
         
5.9l 4.6 B 
4  
2.3e 
 
2.2e 
 
1.5n 
 
5.6f 
 
4.0m 
 
5.0p 3.4 C 
6 
1.9g 
 
1.5n 
 
1.1q 
 
3.5ah 
 
2.1e 
         
4.1m 2.4 D 
Mean  A2.6 
 
B2.7 
 
C1.743 
 
D6.6 
 
E5.2 
 
F5.5  
8weeks after sowing  
Uninoculated Inoculated Salinity 
level 
(dS/m) Sh.Black95 Sh.White95 Sh.Brown95 Sh.Black95 Sh.White95 Sh.Brown95    Mean 
0     5.5akm 
 
5.1ad 
 
4.6a 19.1b 
 
16.4c 
 
1.4g 
 
10. 8 A 
2  4.7ad 
 
4.6k 
 
  4.0 dkm
 
16.6c 
 
11. 2e 
 
12.7h 
 
9.0 B 
4  4.0dkl 
 
3.6lk 
 
2.9djl 10.7e 
        
8.7i 
 
8.9i 
 
6.4 C 
6  3.2dl 
 
3.0lk 
 
1.9j 
 
7.5fim 
 
6.4m 
 
5.6am 
 
4.6 D 
Mean  A4.3 
 
B4.1 
 
C3.3 
 
D13.4 
 
E10.7 
 
F10.4  
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  SE EC +0.000                                          SE EC +0.000 
   SE INOC +0.000                                                SE INOC +0.000 
   SE EC*INOC +0.000                                         SE EC*INOC +0.000 
   SE EC*Variety +0.992                                      SE EC*Variety +0.000 
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 effect of salinity (up to 6 dS/m) and produced 
nodules significantly better than that of the 
uninoculated and salinity-free control (Table 4.17) 
after eight weeks from sowing. 
The effect of salinity (EC) and Bradyrhizobium inoculation 
on nodule dry weights followed more or less a similar pattern to 
that of nodules number (Table 4.18). 
4.6  Pot experiment IV   
Effect of salinity (dS/m) and Bradyrhizobium on growth and 
symbiotic properties of lablab bean as influenced by different 
fertilizers  
4.5.1 Effect of treatments on shoot fresh and dry weights  
Application of different fertilizers significantly (P≤0.05) 
improved the shoot fresh (Table 4.19) and dry 
weights (Table 4.20) of lablab bean cultivar sh. 
Brown 95, compared to the untreated control after 
six and eight weeks from sowing. Chicken manure 
significantly (P≤0.05) increased the shoot fresh and 
dry weights of lablab bean, in the presence or 
absence of inoculation compared to all other 
treatments. The effect of phosphorus and  
Table 4.19 Effect of salinity EC (dS/m) Bradyrhizobium, 
nitrogen, phosphorus and chicken manure on shoot fresh weight 
(g/plant) of lablab bean.   
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  SE EC +0.002                                                                           SE EC +0.002   
 SE INOC +0.0005                                                                     SE INOC +0.0005   
 SE FERT +0.002                                                                       SE FERT +0.002 
 SE EC INOC FERT +0.126                                                      SE EC INOC FERT +0.126    
 
 
 
 
 
 
6 weeks after sowing  
Un inoculated Inoculated 
 Salinity     
level 
(ds/m) Control Nirogen Phosphrus Chicken manure Control Nirogen Phosphrus 
Chicken 
manure    Mean 
 
0 12.4 12.5 12.7 13.4 13.1 13.7 14.4 14.4 13.3 A 
 
2 
 
11.7 11.5 11.6 12.3 
 
12.0 12.7 13.6 13.5 
 
12.4 B 
 
4 
 
10.3 10.6 10.6 11.4 
 
11.1 11.3 12.6 12.5 
 
11.3 C 
 
6 
 
9.4 9.7 9.4 10.4 
 
10.1 10.3 10.0 11.7 
 
10.3 D 
 
Mean 10.9A 11.0B 11.0B 11.9C 11.6D 12.0E 12.5F 13.0H  
 
8weeks after sowing  
 
Un inoculated Inoculated 
 Salinity 
level 
(ds/m) Control Nirogen Phosphrus Chicken  manure Control Nirogen Phosphrus 
Chicken 
manure    Mean 
 
 
0 
        
14.2 ag 
         
15.8 ch   
           
15.5 c 
        
16.5 b     17.4d 
        
17.3 e        17.1 e 
         
17.5 d 
 
16.3 A 
 
 
2 
        
13.4 f 
         
14.6 g 
           
14.4 ag 
        
15.3 c 
 
    16.0h 
        
1 6.2 c        16.2 c 
         
16.4 i 
 
15.1 B 
 
 
4 
        
12.3 j 
         
13.1 f 
           
13.7 k 
        
14. 3 ag     l15.1i 
        
14.3 ag 
           
14.1 ak 
         
15.5 cl 
 
14.0 C 
 
 
6 
        
11.4 m 
         
12.0 j 
           
12.3 j 
        
13.3 f 
      
   14.3 ag 
        
13.3 f  13.1 f 
         
14.5 ak 
 
13.0D 
 
Mean 
 
12.9A 
 
13.8B 
 
14.0C 
 
14.8D 
 
     15.7E 
 
15.8F 
 
15.9G 
 
16.0H  
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Table 4.20 Effect of salinity EC (dS/m), Bradyrhizobium, 
nitrogen, phosphorus and chicken manure on shoot dry weight 
(g/plant) of lablab bean. 
 
 
 
 
    SE EC +0.001                                                             SE EC +0.001 
    SE INOC +0.003                                                        SE INOC +0.0003   
    SF ERT +0.001                                                          SF ERT +0.0001    
    SE EC INOC FERT +0.06                                         SE EC INOC FERT +0.07     
 
 
 
 
 
6 weeks after sowing  
Un inoculated Inoculated 
Salinity 
level 
(ds/m) 
Control Nirogen Phosphrus Chicken manure  Control Nirogen Phosphrus 
Chicken 
manure    Mean 
0  
3.6 3.3 3.5 3.7 3.8 4.0 4.5 4.7 3.9 A 
2  
2.3 2.7 2.7 3.2 
 
3.0 3.2 3.9 4.2 
 
3.2 B 
4  
2.3 2.3 2.3 2.9 
 
2.5 2.9 3.2 3.7 
 
2.7 C 
6  
1.9 1.8 1.8 2.7 
 
2.0 2.5 2.5 3.4 
 
2.2 D 
Mean 
2.6A 2.5B 2.6C 3.1D 2.9E 3.0F 3.5G 4.0H  
 
8weeks after sowing  
 
Un inoculated Inoculated 
 Salinity  
level 
(ds/m) Control Nirogen Phosphrus Chicken manure  Control Nirogen Phosphrus 
Chicken 
manure    Mean 
0            
4.6 ai  5.3 cdg   
         
5.1 cdg 
        
5.4 bc 
      
5.9 c 
       
6.0 e 
        
6.0 b 
        
6.0 e 
 
5.5 A 
2  3.8 fk 
         
4.8 g 
         
4.8 g    5.1 cdg
      
5.1 cdg
       
5.5 b 
        
5.5 cdg 
        
5.6 b 
 
5.0 B 
4  3.3 h 
         
4.1 i 
         
4.5 ai 
        
4.9 cdg 
      
4.5 ai 
       
5.1 cdg 
        
4.9 ag 
        
5.1 cdg 
 
4.5 C 
6  2.5 j 
         
3.6 k 
         
3.9 fi 
        
4.6 ai 
      
4.0 fi 
       
4.3 ag 
        
4.6 ag 
        
4.6 ai 
 
4.0 D 
Mean 3.6A 4.5B 4.6C 5.0D 5.0D 5.2E 5.2E 5.3F  
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nitrogen on shoot fresh and dry weight was comparable. Salinity 
(EC) significantly (P≤0.05) reduced the shoot fresh and dry 
weights of lablab bean compared to untreated control after six and 
eight weeks from sowing. Inoculation with Bradyrhizobium 
significantly (P≤0.05) increased the fresh and dry weights of 
shoot at different salinity levels. 
4.5.2 Effect of treatments on root fresh and dry weights 
Application of different fertilizers significantly (P≤0.05) 
improved the root fresh (Table 4.21) and dry weights 
(Table 4.22) of lablab bean cultivar sh. Brown 95, 
compared to the untreated control after six and eight 
weeks from sowing. Chicken manure significantly 
(P≤0.05) increased the root fresh and dry weights of 
lablab bean, in the presence or absence of inoculation 
compared to all other treatments. The effect of 
phosphorous and nitrogen on root fresh and dry 
weight was comparable. Salinity (EC) significantly 
(P≤0.05) reduced the root fresh and dry weights of  
lablab bean cultivar Sh. Brown 95, compared to the untreated 
control after six and eight weeks from sowing. Inoculation 
with 
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Table 4.21 Effect of salinity EC (dS/m), Bradyrhizobium, 
nitrogen, phosphorus and chicken manure on root fresh weight 
(g/plant) of lablab bean.    
 
 
 
SE EC +0.001                                                                             SE EC +0.0004 
SE IONC + 0.003                                                                       SE IONC +0.0001 
SE FERT +0.001                                                                        SE FERT +0.0004 
SE EC INOC FERT + 0.065                                                      SE EC INOC FERT +0.026 
 
 
 
 
6 weeks after sowing  
Un inoculated Inoculated 
 Salinity    
level 
(ds/m) Control Nirogen Phosphorus Chicken manure Control Nirogen Phosphrus Chicken manure    Mean 
0  
3.0 3.7 3.8 3.7 
 
3.3 4.1 4.1 5.1 
 
3.9 A 
2  
2.6 3.1 3.4 3.1 
 
2.8 3.4 3.6 4.5 
 
3.4 B 
4  
2.3 2.6 2.9 2.6 
 
2.5 2. 9 3.2 4.1 
 
3.0C 
6  
1.8 1.9 2.4 1.9 
 
2.1 2.2 2.9 3.6 
 
2.5 D 
Mean 
2.4A 2.8B 3.1C 2.8B 2.7D 3.2E 3.4F 4.3G  
8weeks after sowing 
Un inoculated Inoculated 
 Salinity 
level 
(ds/m) Control Nirogen Phosphrus Chicken manure   Control Nirogen Phosphrus 
Chicken  
manure    Mean 
0 
               4.4 a 
          
4.9 c 
            
4.9 c  5.3 b 
        
5.4 b 
        
5.3 b 
           
5.3 b 
         
5.8 d 
 
5.2 A 
2 
3.8 e 
          
4.4 f 
            
4.6 f 
           
4.9 c 
        
4.1 h   
        
5.0 c 
           
4.9 c 
         
5.2 b 
 
4.7 B 
4                  3.3 
g 
          
4.0 h 
            
4.1 h 
           
4.4 af 
        
4.1 h 
        
4.4 af 
           
4.3 a 
         
4.8 c 
 
4.2 C 
6 
             3.0 i  3.5 j 
            
3.4 j 
           
3.8 e 
        
j.3 J    
        
4.0 eh 
           
3.9 eh 
         
4.3 afh 
 
3.7 D 
Mean 
3.6A 4.2B 4.2B 4.6C 4.2B 5.8D 4.6E 5.0F 
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Table 4.22 Effect of salinity (dS/m), Bradyrhizobium, nitrogen, 
phosphorus and chicken manure on root dry weight (g/plant) of 
lablab bean.    
 
 
 
 
 
SE EC +0.0002                                                                                   SE EC + 0.0004 
SE INOC +0.00005                                                                           SE INOC +0.0001 
SE FERT +0.0002                                                                            SE FERT +0.0004 
SE EC INOC FERT +0.013                                                            SE EC INOC FERT 
+0.03 
6 weeks after sowing  
Un inoculated Inoculated  Salinity     
level 
(ds/m) Control Nirogen Phosphrus Chicken manure  Control Nirogen Phosphrus
Chicken 
manure    Mean 
0  
0.5 0.7 0.7 0.8 
 
0.6 0.9 1.2 1.3 
 
0.8 A 
2  
0.4 0.6 0.6 0.6 
 
0.5 0.6 0.8 1.1 
 
0.7 B 
4  
0.4 0.4 0.5 0.5 
 
0.5 0.5 0.6 0.9 
 
0.5 C 
6  
0.4 0.4 0.4 0.401 
 
0.4 0.4 0.4 0.7 
 
0.4 D 
Mean 
0.4A 0.5B 0.5B 0.6C 0.5B 0.6C 0.8E 1.0F  
8weeks after sowing  
Un inoculated Inoculated  Salinity 
level 
(ds/m) Control Nirogen Phosphrus Chicken manure  Control Nirogen Phosphrus
Chicken  
manure    Mean 
0          
0.7 am 
          
1.7 cb 
           
1.6 cgh 
          
1.8 b 
         
0.9 d 
       
1.8 b 
          
1.7 be 
          
1.7 b 
 
1.497 A 
2          
0.6 f 
          
1.5 gh 
           
1.5 gh 
          
1.7 ceb 
         
0.9 d 
       
1.4 gj 
          
1.5 gh 
          
1.6 ce 
 
1.333 B 
4          
0.6 fk 
          
1.2 i 
           
1.3 j 
          
1.6 ch 
         
0.8 ad 
       
1.1 k 
          
1.3 j 
          
1.5 h 
 
1.164 C 
6          
0.5 l 
          
1.1 k 
           
1.1 k 
          
1.5 gh 
         
0.6 ym 
       
0.8 ad 
          
1.1 
          
1.4 j 
 
0.993 D 
Mean 
059A 1.4B 1.4B 1.6C 0.8D 1.3E 1.4B 1.6C 
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 89
 Bradyrhizobium significantly (P≤0.05) increased the 
fresh and dry weights of root at different salinity 
levels.  
4.5.3 Effect of treatments on nodules number and nodules dry 
weight 
Application of different fertilizers significantly (P≤0.05) 
improve the nodule number (Table 4.23) and nodule dry weights 
(Table 4.24) of lablab bean cultivar Sh. Brown 95, compared to 
the untreated control after six and eight weeks from sowing. 
Chicken manure significantly (P≤0.05) increased the nodule 
number and nodule dry weights of lablab bean, in the presence or 
absence of inoculation compared to all other treatments.  
The effect of phosphorus and nitrogen of nodule number and 
nodule dry weight was comparable. Salinity 
significantly (P≤0.05) reduced the nodules number 
and nodules dry weight of lablab bean cultivar Sh. 
Brown 95, compared to the untreated control, after 
six and eight weeks from sowing.  The presence of 
nodules on roots of uninoculated lablab bean plants 
indicated the presence of indigenous rhizobia in soil. 
It is worth mentioning that, in all fertilizers, 
Bradyrhizobium inoculation alleviated 
Table 4.23 Effect of salinity EC (dS/m), Bradyrhizobium, 
nitrogen, phosphorus and chicken manure on nodules 
number/plant of lablab bean.    
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SE EC +0.019                                                                              SE EC +0.02 
SE INOC +0.005                                                                           SE INOC +0.005 
SE FERT + 0.02                                                                            SE FERT +0.02 
SE EC INOC FERT +1.225                                                         SE EC INOC FERT +1.225  
 
 
 
 
 
 
 
 
 
 
6 weeks after sowing  
Un inoculated Inoculated 
 Salinity       
Level 
 (ds/m) Control Nirogen Phosphrus Chicken manure   Control Nirogen Phosphrus 
Chicken 
manure    Mean 
0 
17 21 24 29 62 68 70 76 
 
45.917 A
2 
4 18 20 25 46 52 59 60 
 
36.750 B 
4 
12 15 14 20 31 40 47 49 
 
28.542 C
6 
9 12 12 14 20 32 36 37 
 
21.583 D
Mean 
13.0A 16.5B 17.6C 22D 39.8E 48F 53G 55.5H 
 
8weeks after sowing  
Un inoculated Inoculated 
 Salinity 
level 
 (ds/m) Control Nirogen Phosphrus Chicken manure   Control Nirogen Phosphrus 
Chicken 
manure    Mean 
0  
25 af 
           
27 a 
           
24 af 
           
27 a 
         
85 bd  90 de   
           
92 e 
         
105 c 
 
59 A 
2  
20 fj 
           
21 fj 
           
18.7 fj 
           
22 f 
         
75.7 gi 
           
79 ih 
           
74 gik 
         
82 hb 
 
49 B 
4  
15 fi 
           
18 fj 
           
16 f 
           
17 fj 
         
69 k 71 gk 
           
66 k 
         
70 k 
 
42 C 
6  
12 j 
           
13 j 
           
12 j 
           
13 j 
         
49 l 
           
55 n 
           
60 mn 
         
62 m 
 
34.5 D 
Mean 
18A 19.8B 17.7C 19.8D 69.7E 73.8F 73.0G 79.8H 
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Table 4.24Effect of salinity EC (dS/m), Bradyrhizobium, 
nitrogen, phosphorus and chicken manure on nodules dry weight 
(mg/plant) of lablab bean.  
 
 
 
 
 
SE EC +0.0002                                                                       SE EC +0.0004 
SE INOC +0.0006                                                                  SE INOC +0.0001 
SE FERT + 0.00002                                                                SE FERT +0.0004 
SE CE INOC FERT +0.015                                                   SE CE INOC FERT +0.02  
6 weeks after sowing  
Un inoculated Inoculated 
 Salinity    
level 
(ds/m) Control Nirogen Phosphrus Chicken manure   Control Nirogen Phosphrus 
Chicken 
manure    Mean 
0  
     2.4 2.6 3.0 3.5 6.9 9.7 10.0 11. 4 
 
0.6 A 
2  
2.0 2.1 2.6 3.1 5.9 7.5 8.0 9.6 
 
r0.5 B 
4  
1.5 1.6 2.2 2.5 5.0 5.1 6.1 7.3 
 
0.4 C 
6  
1.1 1.3 1.8 2.0 4.1 3.3 4.1 5.8 
 
0.3 D 
Mean 
1.7A 1.9B 2.4C 2.8D 5.5E 6.4F 7.1G 8.5H 
 
8weeks after sowing  
Un inoculated Inoculated 
 Salinity 
level  
(ds/m) Control Nirogen Phosphrus Chicken manure   Control Nirogen Phosphrus 
Chicken 
manure    Mean 
 
0 
 
 4.6 a 
          
4.7 a        4.5 a  
           
5.0 am 
           
14. 4 b 
           
17. 4 d 
         
17.7 d 
           
20. 2 c 
 
1.1 A 
 
2 
 
4.0 ahi 
          
4.1 eia 
           
4.1 eia 
           
4.7 a 
           
12.7 f 
           
13. 0 f 
         
13.0 f k 
           
15. 6 
 
0.9 B 
 
4 
 
2.9 hi 
          
3.7 eh 
           
2..5 hl 
           
4.3 ae 
          
8.9 j  10.6 k 
         
10.9 k 
           
11.1 k 
 
0.7 C 
 
6 
 
1.9 l 
          
2.8 hi 
           
3.5 i  
           
4.0 eia 
           
5.6 m 
           
6.4 n 
         
6.4 n 6.6 n 
 
0.5 D 
Mean 
3.3A 3.8B 3.8B 4.3C 10.4D 11.9E 12.0F 13.4G 
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completely the effect of salinity (up to 6 dS/m) and produced 
nodules significantly better than that of the uninoculated and 
salinity-free control (Table 4.23) after eight weeks from sowing. 
The effect of salinity (EC) and Bradyrhizobium inoculation on 
nodules dry weight followed more or less a similar pattern to that 
on nodules number (Table 4.24).    
4.6 Pot experiment V  
Effect of salinity (SAR) and Bradyrhizobium on growth and 
symbiotic properties of lablab bean  
4.6.1 Effect of treatments on the shoot fresh and dry 
weights  
Salinity (SAR) significantly (P≤0.05) reduced the shoot 
fresh (Table 4.25) and dry weights (Table 4.26) of lablab bean 
cultivar Sh. Brown 95, compared to the untreated control after six 
and eight weeks from sowing. Inoculation with Bradyrhizobium 
significantly (P≤0.05) increased the fresh and dry weights of 
shoot at different salinity levels.In plants irrigated with saline 
water of SAR <15 meq/l, inoculation produced shoot fresh weight 
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equal to or better than the uninoculated control plants (Table 
4.29). 
Table 4.25 Effect of Salinity SAR and Bradyrhizobium on 
shoot fresh weight (g/plant) of Lablab bean. 
 
Salinity 
level 6 weeks after sowing 8 weeks after sowing 
(meq/l) ½  Un inoculated Inoculated Mean Uninoculatd Inoculated Mean 
0             12.7 
 
13.7 13.2 A 
 
14.6 a 
 
17.9 b 16.3 A 
5             11.8 2.7 12.3 B 
 
13.6 c 
 
16.6 d 15.1 B 
10             10.8 
 
11.6 11.2 C 
 
12.4 e 
 
15.6 f 14.0 C 
15             9.6 
 
10.8 10.2 D 11.7g 
 
14.6 a 13.2 D 
20             8.3 
 
9.8 9.3 E 
 
10.8h 
 
13.5 c 12.1E 
25             7.7 
 
8.8 8.2 F 
 
10.0i 
 
12.4 e 11.2 F 
30             6.5 
 
7.9 7.2 G 
 
9.0j 
 
11.1 h 10.1G 
Mean B 9.7 A 10.8  B 11.7 A 14.5  
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SE EC +0.042                                               SE EC +0.026  
SE INOC +0.003                                          SE INOC +0.002 
SE INTER +0.144                                        SE INTER +0.001 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.26 Effect of salinity SAR and Bradyrhizobium on 
shoot dry weight  (g/plant) of Lablab bean.   
 
Salinity 
level 6 weeks after sowing 8 weeks after sowing 
(meq/l) ½  Un inoculated Inoculated Mean Un inoculated Inoculated Mean 
0  3.6 
 
3.7 3.7 A 
 
4.7 
 
6.0 5.3 A 
5  3.2 
 
3.3 3.2 B 
 
4.2 
 
5.5 4.9 B 
10  2.8 
 
2.8 2.8 C 
 
3.7 
 
5.0 4.4 C 
 95
15  2.3 
 
2.4 2.4 D 
 
3.4 
 
4.5 4.0 D  
20  1.9 
 
2.1 2.0 E 
 
2.8 
 
4.1 3.5 E 
25  1.6 
 
1.8 1.7 F 
 
2.5 
 
3.6 3.0 F 
30  1.3 1.4 1.3 G 
 
2.1 
 
3.2 2.6 G 
Mean 2.4 B 2.5 A  3.3 B 4.5A  
 
 
SE EC +0.012                                                   SE EC +0.012                          
SE INOC +0.001                                              SE INOC +0.001 
SE EC*INOC +0.0002                                   SE EC*INOC +0.0003
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Table 4.27 Effect of salinity SAR and Bradyrhizobium on root 
dry weight (g/plant) of Lablab bean.   
 
 
SE EC + 0.003                                           SE EC +0.02 
SE INOC +0.0003                                                 SE INOC +0.002 
SE EC*INOC +0.000                                SE EC*INOC +0.001 
 
Salinity 
level 6 weeks after sowing 8 weeks after sowing 
(meq/l) ½ Un inoculated Inoculated Mean Un inoculated Inoculated Mean 
0  0.67 
 
0.74 0.7 A 
 
1.0 
 
1.143 1.1 A 
5  0.53 
 
0.6 0.6 B 
 
0.7 
 
0.867 0.8 B 
10  0.43 
 
0.54 0.5 C 
 
0.6 
 
0.660 0.6 C 
15  0.3 
 
0.45 0.4 D 
 
0.5 
 
0.567 0.5 D 
20  0.26 
 
0.36 0.3 E 
 
0.4 
 
0.460 0.4 E 
25  0.17 
 
0.25 0.2 F 
 
0.3 
 
0.350 0.3 F 
30  0.1 
 
0.15 0.1 G 
 
0.2 
 
0.204 0.2G 
Mean 0.36 B 0.4A  0.5 B 0.6 A  
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Table 4. 28 Effect of salinity SAR and Bradyrhizobium on root 
dry weight (mg/plant) of Lablab bean.   
 
 
     SE EC +0.013                                                         SE EC+0.003 
     SE INOC +0.001                                                    SE INOC +0.000   
     SE EC*INOC +0.002                                             SE EC*INOC +0.000     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6 weeks after sowing 8 weeks after sowing Salinity 
level 
(meq/l) ½ Un inoculated Inoculated Mean Un inoculated Inoculated Mean 
0  3.5 
 
3.8 3.6 A 
 
9.7 a 
 
11. 4 b 5.0 A 
5  3.1 
 
3.3 3.2 B 
 
7.1 c 
 
8.7 d 4.6 B 
10  2.627 
 
2.9 2.8C 
 
6.0 e 
 
6.6 f 4.0 C 
15  2.2 
 
2.5 2.4 D 
 
5.1 g 
 
5.7 e 3.6 D 
20  1.8 
 
2.1 2.0 E 
 
4.0 h 
 
4.6 i 3.2 E 
25  1.4 
 
1.8 1.6 F 
 
3.0 j 
 
3.5 k 2.8 F 
30  1.0 
 
1.4 1.2 G 
 
2.0 l 
 
2.0 l 2.1 G 
Mean 2.2B 2.6 A  3.156 B 4.069 A  
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4.6.2 Effect of treatments on root fresh and dry weights 
Salinity (SAR) significantly (P≤0.05) decreased the root 
fresh (Table 4.27) and dry weights (Table 4.28) of lablab bean 
cultivar Sh. Brown 95, compared to the untreated control plants 
after six and eight weeks from sowing. Inoculation with 
Bradyrhizobium significantly (P≤0.05) increased root fresh and 
dry weights at different salinity levels. The salinity X 
Bradyrhizobium interaction of root dry weight was significant 
after eight weeks from sowing.   
4.6.3 Effect of treatments on nodules number and nodules dry 
weight               
Salinity significantly (P≤0.05) reduced the nodules number 
(Table 4.29) and nodules dry weight (Table 4.30) of lablab bean 
cultivar sh. Brown 95, compared to the untreated control, after six 
and eight weeks from sowing. The presence of nodules on roots 
uninoculated lablab bean plants indicated the presence of 
indigenous rhizobia in soil. In plants irrigated with saline water of 
SAR equal or less than 20 (meq/l)½, inoculation with 
Bradyrhizobium significantly (P≤0.05) increased the nodules  
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Table 4.29 Effect of salinity SAR and Bradyrhizobium on 
nodules number of lablab bean. 
 
        SE EC +0.302                                                SE EC +0.322 
        SE INOC +0.003                                           SE INOC +0.026 
        SE EC*INOC +0.000                                    SE EC*INOC +0.007   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Salinity 
level 6 weeks after sowing 8 weeks after sowing 
(meq/l) ½ Un inoculated Inoculated Mean Un inoculated Inoculated Mean 
0  19.3a 65.3b 42.3 A 
 
25.0a 
 
87.0b 56.0 A 
5  17.0a 
 
53.3c 35.3 B 
 
19.0c 
 
75.0d 47.0 B 
10  15.0ae 
 
45.3d 30.2 C 
 
18.0c 
 
63.0e 40.5 C 
15  12.0e 
 
35.7f 23.8 D 
 
15.0ci 
 
55.0f 35.0 D 
20  9.0e 
 
25.7g 17.3 E 
 
12.0gi 
 
44.0h 28.0 E 
25  6.3ehi 
 
15.7ae 11.0 F 
 
9.0i 
 
25.0a 17.0 F 
30  2. 7i 
 
8.3e 5.5 G 
 
7.3i 
 
18.0c 12.7 G 
Mean 11.6 B 35.6 A  15.1 B 52.4 A  
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Table 4.30 Effect of salinity SAR and Bradyrhizobium on 
nodules dry weight (mg/plant) of lablab bean. 
 
         SE EC +0.002                                               SE EC +0.003 
         SE INOC +0.000                                          SE INOC +0.000  
         SE EC*INOC +0.000                                   SE EC*INOC +0.000   
 
 
 
Salinity 
level 6 weeks after sowing 8 weeks after sowing 
(meq/l) ½ Uninoculated Inoculated Mean Uninoculated Inoculated Mean 
0  2.9a 
 
7.0b 5.0 A 
 
4.7a 
 
14. 5b 9.6 A 
5  2.6c 
 
6.1d 4.3 B 4.2 cl 
 
12. 0d 8.1 B 
10  2.3e 5.1f 3.7 C 
 
3.6 el 
 
8.0f 5.8C 
15  2.0g 
 
4.1h 3.1 D 
 
3.2 g 
 
6.5h 4.9 D 
20  1.7i 3.0a 2.4 E 
 
2.6 i 
 
5.2j 3.9 E 
25  1.4j 2.2eg 1.8 F 
 
2.3 i 
 
4.5ac 3.4 F 
30 1.1kl 
 
1.3jl 1.2 G 
 
1.8 k 
 
3.8l 2.8 G 
Mean 2.0 B 4.1 A  3.2 B 7.8 A  
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number compared to the uninoculated control plants (Table 4.29). 
It is worth mentioning that Bradyrhizobium inoculation alleviated 
completely the effect of salinity up to 25 (meq/l) ½ and produced 
nodules significantly better or similar to that of the uninoculated 
and salinity-free control (Table 4.29) after six and eight weeks 
from sowing.  
The effect of salinity (SAR) and Bradyrhizobium inoculation on 
nodules dry weight followed more or less a similar pattern to that 
of nodules number (Table 4.30).       
4.7 Modelling of Data 
4.7.1.1 Nodules number versus salinity 
The relationship between nodules number and salinity in 
different soil texture fits all models. Also the relationship was 
negative, which indicates the reduction in nodules number by 
increment in salinity (Table 4.31).  
4.7.1.2 Plant weight versus salinity  
The relationship between the total plant weight and salinity 
was expressed using different models, also the relationship 
between the factor and the parameter measured was negative 
(Table 4.32).  
 102
Table (31): Nodules number versus salinity  
Model Treatment 
Equation 
  Silty soil Sandy soil 
    
Linear 
Control Y= -3.619X-27.444 Y= -6.2X+28 Y
 
 R2 =0.98 R2 =0.94 R
 
Bradyrhizobium 
Y= 13.686X-102.84 Y= -4.5X+31 Y
  R2 =0.97 R2 =0.93 R
Exponential Control Y=33.173e -0.2579X Y=44.548e -0.5919X Y
  R2 =0.99 R2 =0.94 R
 
Bradyrhizobium 
Y=163.02e  -0.293X Y=33.466e  -0.2242X Y
  R2 =0.92 R2 =0.97 R
Logarithmic Control Y=-10.243Ln(x) –26.0 1 Y=-12.925Ln(x) +22.769 Y
  R2 =0.98 R2 =0.88 R
 
Bradyrhizobium 
Y=-36.249Ln(x) +94.693 Y=-9.9788Ln(x) +27.678 Y
  R2 =0.86 R2 =0.99 R
Power Control Y=28.919X-0.6981 Y=26.292X-1.1988 Y
  R2 =0.92 R2 =0.84 R
 
Bradyrhizobium 
Y=110.47X-0.7453 Y=28.13X-0.4868 Y
  R2 =0.75 R2 =0.99 R
Polynomial Control Y= 0.3631X2-6.1607X +30.833 Y= 4E-15X2-6.2X +28 Y
  R2 =0.99 R2 =0.94 R
 
Bradyrhizobium 
Y= -0.9583X2-6.9774X + 93.9 Y= 1.25X2-10.75X + 73.25 Y
  R2 =0.98 R2 =0.98 R
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Table (32): Shoot fresh weight versus salinity  
 
Model Treatment 
Equation 
  Silty soil Sandy soil 
    
Linear 
Control Y= -0.8879X+15.063 Y= -0.51X+10.7 Y= -0.
 
 R2 =0.99 R2 =0.85 R2 =0.9
 
Bradyrhizobium 
Y= -1.0974X+18.404 Y= -1.03X+12.85 Y= -1.
  R2 =0.99 R2 =0.99 R2 =0.9
Exponential Control Y=15.395e  -0.0746X Y=10.801e  -0.0554X Y=12.5
  R2 =0.99 R2 =0.84 R2 =0.9
 
Bradyrhizobium 
Y=18.869e -0.0765X Y=13.147e –0.1011X Y=16.9
  R2 =0.98 R2 =0.99 R2 =0.9
Logarithmic Control Y=-2.4432 Ln(x) +14.634 Y=-0.9949 Ln(x) +10.215 Y=-1.9
  R2 =0.94 R2 =0.70 R2 =0.8
 
Bradyrhizobium 
Y=-2.9898Ln(x) +17.841 Y=-2.1595Ln(x) +11.991 Y=-3.3
  R2 =0.92 R2 =0.95 R2 =0.9
Power Control Y=14.81X-0.2027 Y=10.244X-0.1077 Y=11.5
  R2 =0.92 R2 =0.69 R2 =0.8
 
Bradyrhizobium 
Y=18.08X-0.2051 Y=12.065X-0.2102 Y=15.0
  R2 =0.89 R2 =0.93 R2 =0.8
Polynomial Control Y= 0.0277X2-1.0817X + 15.321 Y=-0.225X2+0.615X + 9.575 Y=-1X
  R2 =0.99 R2 =0.98 R2 =0.9
 
Bradyrhizobium 
Y=-0.0253X2-0.9203X +18.168 Y=-0.025X22-0.905X +12.625 Y=-0.1
  R2 =0.99 R2 =0.99 R2 =0.9
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4.7.1.3 Nodules number versus plant weight  
The relationship between total nodules numbers and total plant weight is 
shown in (Table 4.33). The positive correlation between the two 
parameters was observed. The relationship fits of most of the models, but 
the polynomial model was the most suitable for all treatments in which R 
value was more than 0.97 
4.7.2 Pot experiment II 
4.7.2.1 Nodules number versus salinity 
The relationship between nodules number and salinity in verities 
was negative which indicates the reduction in nodules number by 
increment in salinity (Table 4.34).  
4.7.2.2 Plant weight versus salinity  
The relationship between the total plant weight and salinity was 
expressed using different models, also the relationship between the factor 
and the parameter measured was negative (Table 4.35). 4.7.2.3 Nodules 
number versus plant weight  
The relationship between total nodules numbers and total plant weight is shown in 
(Table 4.36). The positive correlation between the two parameters was observed. The 
relationship fits of most of the models, but the polynomial model was the most 
suitable for all treatments in which R value was more than 0.97.
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Table (33): Shoot fresh weight versus Nodules number  
 
 
 
 
 
 
Model Treatment 
Equation 
  Silty soil Sandy soil 
    
Linear 
Control Y= 4.0834X-34.04 Y= 9.9836X-81.596 Y= 5.8
 
 R2 =0.98 R2 =0.74 R2 =0.8
 
Bradyrhizobium 
Y= 12.358X-125.02 Y= 4.3476X-24.922 Y= 7.0
  R2 =0.96 R2 =0.92 R2 =0.9
Exponential Control Y=0.4259e  0.2888X Y=0.007e  1.0209X Y=0.06
  R2 =0.99 R2 =0.85 R2 =0.9
 
Bradyrhizobium 
Y=0.9939e  0.2.74X Y=2.0538e  0.2171X Y=2.44
  R2 =0.93 R2 =0.97 R2 =0.9
Logarithmic Control Y=48.383Ln(x) –104.87 Y=90.191Ln(x) –189.63 Y=55.2
  R2 =0.98 R2 =0.73 R2 =0.8
 
Bradyrhizobium 
Y=176.91Ln(x) –417. 4 Y=43.602Ln(x) –81.553 Y=82.6
  R2 =0.97 R2 =0.90 R2 =0.8
Power Control Y=0.0026X3.4522 Y=1E-08X9.2574 Y=0.00
  R2 =0.99 R2 =0.84 R2 =0.9
 
Bradyrhizobium 
Y=0.0016X3.8687 Y=0.1185X2.1876 Y=0.06
  R2 =0.96 R2 =0.95 R2 =0.9
Polynomial Control Y= 0.3472X2-4.2762X +15.474 Y= 15.129X2-266.93X +1178.7 Y= 2.4
  R2 =0.99 R2 =0.96 R2 =0.9
 
Bradyrhizobium 
Y= -0.4447X2+25.237X –216.68 Y= 1.2481X2-21.226X +104.42 Y= 1.7
  R2 =0.97 R2 =0.99 R2 =0.9
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Table (4.34): Nodules number versus salinity  
 
 
 
 
 
Model Treatment 
Equation 
  Sh.Brown 95 Sh.Whiet 95 
    
Linear 
Control Y= -3.619X-27.444 Y= -8.4X+37.5 Y= -7.
 
 R2 =0.98 R2 =0.98 R2 =0.9
 
Bradyrhizobium 
Y= 13.686X-102.84 Y= -11.3X+102 Y= -12
  R2 =0.97 R2 =0.98 R2 =0.9
Exponential Control Y=33.173e -0.2579X Y=60e -0.5973X Y=51.4
  R2 =0.99 R2 =0.97 R2 =0.9
 
Bradyrhizobium 
Y=163.02e  -0.293X Y=106.93e  -0.1564X Y=115
  R2 =0.92 R2 =0.99 R2 =0.9
Logarithmic Control Y=-10.243Ln(x) –26.0 1 Y=-18.04Ln(x) +30.833 Y=-15
  R2 =0.98 R2 =0.98 R2 =0.9
 
Bradyrhizobium 
Y=-36.249Ln(x) +94.693 Y=-24.152Ln(x) +92.939 Y=-27
  R2 =0.86 R2 =0.98 R2 =0.9
Power Control Y=28.919X-0.6981 Y=-35.57X-1.2215 Y=33.6
  R2 =0.92 R2 =0.88 R2 =0.8
 
Bradyrhizobium 
Y=110.47X-0.7453 Y=94.084X-0.3254 Y=101
  R2 =0.75 R2 =0.95 R2 =0.9
Polynomial Control Y= 0.3631X2-6.1607X +30.833 Y= X2-13.4X +42.5 Y= 0.2
  R2 =0.99 R2 =0.99 R2 =0.9
 
Bradyrhizobium 
Y= -0.9583X2-6.9774X + 93.9 Y= 0.75X2+15.05X + 105.75 Y=1.42
  R2 =0.98 R2 =0.99 R2 =0.9
     
 107
 
 
 
Table (4.35): Shoot fresh weight versus salinity  
 
 
 
 
Model Treatment 
Equation 
  Sh.Brown 95 Sh.Whiet 95 
    
Linear 
Control Y= -0.8879X+15.063 Y= -108X+16.5 Y= -0.
 
 R2 =0.99 R2 =0.99 R2 =0.9
 
Bradyrhizobium 
Y= -1.0974X+18.404 Y= -X+19.2 Y= -1.
  R2 =0.99 R2 =1 R2 =0.9
Exponential Control Y=15.395e  -0.0746X Y=16.742e  -0.0788X Y=17.3
  R2 =0.99 R2 =0.99 R2 =0.9
 
Bradyrhizobium 
Y=18.869e -0.0765X Y=19.36e -0.06X Y=20.1
  R2 =0.98 R2 =0.99 R2 =0.9
Logarithmic Control Y=-2.4432 Ln(x) +14.634 Y=-2.2593Ln(x) +15.595 Y=-2.0
  R2 =0.94 R2 =0.94 R2 =0.9
 
Bradyrhizobium 
Y=-2.9898Ln(x) +17.841 Y=-2.1049Ln(x) +18.372 Y=-2.5
  R2 =0.92 R2 =0.96 R2 =0.9
Power Control Y=14.81X-0.2027 Y=15.656X-0.1673 Y=16.4
  R2 =0.92 R2 =0.93 R2 =0.9
 
Bradyrhizobium 
Y=18.08X-0.2051 Y=18.412X-0.1257 Y=19.0
  R2 =0.89 R2 =0.95 R2 =0.9
Polynomial Control Y= 0.0277X2-1.0817X + 15.321 Y= -0.5X2-0.83X + 16.25 Y= 0.0
  R2 =0.99 R2 =0.99 R2 =0.9
 
Bradyrhizobium 
Y=-0.0253X 2-0.9203X +18.168 Y=1E-14X 2-X +19.2 Y=-0.2
  R2 =0.99 R2 =1 R2 =0.9
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Table (36): Shoot fresh weight versus Nodules number  
 
 
 
 
 
 
 
Model Treatment 
Equation 
  Sh.Brown 95 Sh.Whiet 95 
    
Linear 
Control Y= 4.0834X-34.04 Y= 6.6962X-89.708 Y= 7.546
 
 R2 =0.98 R2 =0.97 R2 =0.99
 
Bradyrhizobium 
Y= 12.358X-125.02 Y= 11.3X-114.96 Y= 10.72
  R2 =0.96 R2 =0.98 R2 =0.99
Exponential Control Y=0.4259e  0.2888X Y=0.0065e  0.5537X Y=0.012
  R2 =0.99 R2 =0.98 R2 =0.97
 
Bradyrhizobium 
Y=0.9939e  0.2.74X Y=5.496e  0.1546X Y=0.993
  R2 =0.93 R2 =0.99 R2 =0.93
Logarithmic Control Y=48.383Ln(x) –104.87 Y=104.74Ln(x) –257.3 Y=110.1
  R2 =0.98 R2 =0.96 R2 =0.98
 
Bradyrhizobium 
Y=176.91Ln(x) –417. 4 Y=187.82Ln(x) –454.63 Y=184.4
  R2 =0.97 R2 =0.98 R2 =0.99
Power Control Y=0.0026X3.4522 Y=3E-0.08X7.5877 Y=8E-08
  R2 =0.99 R2 =0.99 R2 =0.99
 
Bradyrhizobium 
Y=0.0016X3.8687 Y=0.0519X2.575 Y=0.001
  R2 =0.96 R2 =0.96 R2 =0.96
Polynomial Control Y= 0.3472X2-4.2762X +15.474 Y= 1.131X2-23.374X +122.02 Y= 0.452
  R2 =0.99 R2 =0.99 R2 =0.99
 
Bradyrhizobium 
Y= -0.4447X2+25.237X –216.68 Y= 0.75X2-13.75X –93.27 Y= -0.36
  R2 =0.97 R2 =0.99 R2 =0.99
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4.7.3 Pot experiment III  
4.7.3.1 Nodules number versus SAR 
Although the data of nodules number per plant fitted with SAR values in 
the second cut, the polynomial model was the suitable for all treatments. 
The relationship was negative as was expected (Table 4.37). The R values 
of the power models were significant indicating a weak relationship 
4.7.3.2 Plant weight versus SAR 
The relationship between plant weight and the SAR in the second 
cut was expressed using models (Table 4.38). The high negative 
correlation fits almost models. 
4.7.3.3 Plant weight versus final SAR 
A high positive correlation between the total number of nodules per plant 
and total plant weight was observed (Table 4.39). The R value for all 
treatment were fit in most of the models. 
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Table4.37.
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Table 4.38. 
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Table 4.39. 
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CHAPTER FIVE 
DISCUSSION 
Introduction 
This investigation was carried out to study the effect of salinity 
on Bradyrhizobium strains and the symbiotic relationships between lablab 
bean and Bradyrhizobium. The study involved three lablab cultivars, 
three Bradyrhizobium strains and three soil textures in addition to 
chemical and organic fertilizers. The investigation was carried out in a 
glasshouse at the Faculty of Agriculture, in five pot experiments and two 
laboratory experiments. 
5.1 Effect of salinity on Bradyrhizobium strains 
Bradyrhizobium strains showed a good tolerance to levels of 
salinity up to 40 dS/m and all levels of salinity (Sodium adsorption ratio) 
up to 60.  
Strain TAL 209 significantly showed higher growth than strain ENRRI-6 
and strain USDA 3398 under normal and saline conditions. Doleib (1999) 
found that strain ENRRI-16c significantly showed higher growth than 
strain TAL 1371 and strain TAL 169 under normal and saline conditions. 
According to Forawi (1994), The four tested Rhizobium meliloti strains 
tolerated salinity up to 64dS/m in solution culture. It is well documented 
that rhizobia and/or bradyrhizobia are generally more able to cope with 
salinity than their host legumes.  
Elsheikh and Wood (1995) reported that salinity reduced the 
external water potential, and this inturn directed the cell’s energy to be 
used for osmotic adjustment for maintenance rather than growth and 
reproduction. Moreover, the harmful effect of salinity on rhizobia and 
bradyrhizobia may be due to direct specific ion effects or to the indirect 
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effect of salinity by raising the pH value and decreasing osmotic potential 
(Elsheikh, 1998a). Although many biochemical functions require specific 
ions, increasing the concentration of these ions above the normal 
intracellular may lead to disruption of function by reducing the activities 
of enzymes (Yancy et al., 1982). 
5.2 Tolerance of lablab bean to salinity 
In this study, Lablab bean cultivars varied in their tolerance to 
salinity, cultivar Sh. Brown 95 was found to be the most tolerant to 
salinity compared to cultivars Sh.White95 and Sh. Black 95. According 
to Doleib (1999), cowpea cultivar Hinater was the most tolerant to 
salinity than cultivar Buf and Dahab elgoze. Devid and Gopalakri (1997) 
reported that germination percentage and early seedling growth varied 
greatly depending upon the cowpea variety and the salinity levels. 
Among eight fenugreek cultivars, namely, Abu Hamad, Berber, Damar I, 
Damar II, Dongola, Habashy, Hindy and Rubatab, Forawi and Elsheikh 
(1995) found that cultivar Berber was the most salt tolerant and cultivr 
Damer I was the most sensitive to salinity. This variation among cultivars 
could be attributed to (I) the variation in salt resistance among legumes, 
(II) the accumlation of toxic ions in various parts of the plant, and (III) 
the exclusion of sodium and chloride ions from the levels (Elsheikh, 
1998b). It was found that increasing salinity often decreases chlorophyll 
content at high chloride and sulphate levels. Salinity in two chickpea 
cultivars and photosynthetic rate was reduced more by chloride than by 
sulphate salinity. According to (Datta and Samar, 1990) respiration was 
stimulated by 6dS/m and was lower in sulphate than in chloride salinity. 
Salts may inhibit growth because of the abnormally highly intracellular 
solute concentration that results rather than any effect they might have on 
the osmolarity in the cytoplasm. It has been shown that some mineral ions 
affect growth because they inhibit the activity of specific enzymes 
(Elsheikh, 1998a). The relative effect of salinity on growth is often a 
function of climate and factors such as nitrogen source, temperature, 
relative humidity, fertility level, drought and soil physical conditions 
(Mass, 1986). 
5.3 Effect of salinity on symbiosis    
In the arid and semi-arid zones, salinity is one of the major 
problems and has a principal economic importance. In this investigation, 
salinity significantly reduced the shoot, root fresh and dry weights, 
nodule number and nodule dry weight. Similar results were reported for 
cowpea (Doleib 1999). It has been reported that saline conditions may 
limit the legume- Bradyrhizobium symbiosis by (i) affecting survival and 
proliferation of Rhizobium spp. in the soil and rhizosphere, (ii) inhibiting 
the infection process, (iii) directly affecting root nodule function, (iv) 
reducing plant growth, photosynthesis and demand for nitrogen (Saxena 
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and Reuvari, 1992; Singlelton et al; 1983; Elsheikh and Wood 1995). 
Salinity was found to reduce dry weight of cowpea (Egeh and Zamora, 
1992), chickpea (Elsheikh, 1992) and dry bean (Cachorro et al., 1993). 
5.4 Response of lablab bean to Bradyrhizobium inoculation: 
In this study, all uninoculated lablab bean plants showed nodules in 
their roots, which indicated the presence of indigenous Bradyrhizobium in 
these soils. Mahdi and Atabani (1992) reported that all uninoculated 
lablab bean and soybean plants showed nodules in their roots and there 
was no significant differences between clay and sandy soils in mean 
nodule number and mass in both lablab bean and soybean. Moreover 
Atabani (1988) reported that studies on forage legume, such as cowpea 
(Vigna unguiculata), hyacinths bean (Lablab purpureus ) and alfalfa 
(Medicago sativa) showed that these crops were usually well-inoculated 
and were active nitrogen fixers, but they still responded to inoculation 
with competent rhizobial strains. Mohammed (1994) found successful 
nodulation of chickpea in Shambat and El hadi and Elsheikh (1999) in      
El Rawakeeb sandy soil. Similar results were observed in inoculation of 
Guar (Ibrahim, 1997) and cowpea  (Doleib, 1999). In this study all 
inoculated lablab bean cultivars showed nodules in their roots. Different 
cultivars varied in their response to inoculation. This variation may be 
attributed to the variation in compatibility between the variety and 
Bradyrhizobium strain. Significant interaction between inoculant’s strains 
and chickpea cultivars were also found by Bech and Singh (1988). 
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Variation in varietal response to inoculation was also reported by Konak 
et al., (1992). It was stated that the effective Bradyrhizobium inoculation 
and nitrogen fixation depend upon many environmental factors such as 
salinity, temperature, water supply, pH, mineral nutrition and combined 
nitrogen, (Elsheikh, 1993; Toro, 1996). In this study the harmful effect of 
salinity could be reduced or alleviated by using efficient bradyrhizobia 
inoculants. Furthermore, for successful inoculation, the introduced 
rhizobia should have the following characteristics (Elsheikh, 1998ab). (i) 
tolerate high levels of salts, (ii) survive as free-living organisms in saline 
soil , (iii) tolerate high temperatures and high pH values, (iv) compete 
successfully with the indigenous rhizobia, and (v) fix nitrogen effectively.  
5.5 Effect of N-fertilizer on lablab bean 
In this study, nitrogen fertilizers significantly increased fresh and 
dry weights of shoot and root; nodule number and nodule dry weight of 
lablab bean under normal and saline conditions. This may be due to the 
beneficial effects of N-fertilizer on plant growth and productivity 
(Cordovilla et al., 1994). It was found that the high nitrogen rate 
moderated the adverse salinity effect on growth and increased the uptake 
of K and Ca in faba bean. Forawi (1995) found that additions of N-
fertilizer to fenugreek significantly increased dry matter production and 
nitrogen content of cowpea plant under normal and saline conditions. 
Elsheikh (1998b) reported that for plants to fix nitrogen they: (i) must 
form nodules and fix atmospheric N, and (ii) have different biochemical 
mechanisms for nitrogen assimilation. In some instances, the process of 
nitrogen fixation needs a starter dose of fertilizer nitrogen.     
5.6 Effect of phosphorus fertilizer on lablab bean      
In this study application of super phosphate fertilizer significantly 
increased fresh and dry weights of shoots and roots, nodule number and 
nodule dry weight of lablab bean plant under normal and saline 
conditions. Mahdi and Atabani (1992) found that nodule number and 
mass in both lablab bean and soybean were increased by phosphate 
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fertilization.  Similar results were reported for cowpea (Doleib, 1999). 
Zaroug (1978) stated that in clitoria number and size of nodules were 
reduced by deficiency of sulphur or phosphorous. Sulphur has more 
favourable effects on those attributes than phosphorous. Moreover Galal 
El Din (1993) found that the application of 50 kg P/ha significantly 
increased nodulation and mycorrizal infection of inoculated or 
uninoculated cowpea. The applications of super phosphate significantly 
increased fresh and dry weight of shoot, root and number of nodules of 
faba bean plants under saline and non-saline conditions (Ahmed and 
Elsheikh, 1998). Further more, Treeby and Stevenixick (1988) suggested 
that at moderate P concentration, phosphorus play a role of epidermal 
osmotic adjustment, possibly explaining the beneficial role of phosphorus 
for plants grown under salt stress. 
5.7 Effect of Chicken manure on lablab bean 
Applications of chicken manure to lablab bean plants in this study 
significantly increased fresh and dry weights of shoot and root, nodule 
number and dry weight. Application of chicken manure to cowpea plants 
significantly increased nodulation and dry matter production under saline 
and non-saline conditions (Doleib, 1999). According to Forawi and 
Elsheikh (1995), the application of chicken manure significantly 
increased nodulation and dry matter production of fenugreek plants in 
saline and non-saline conditions. This may be due to the fact that manure 
is known to provide plant nutrients, improve soil physical properties, 
increase aggregate stability and enhance the uptake of nutrients. These 
positive effects of chicken manure on plant growth have been well 
documented by many research workers (Cheung and Wong, 1983; 
Mohamed-Ahmed, 1988; Abdalla, 1989 and Forawi, 1994).     
5.8 Modelling of the results  
Modelling of the data is an efficient way by which a constant 
relationship between factors and parameters measured could be produced. 
The data is usually fitted in different equations using different models. 
These equation models could be used as standards and yardsticks to give 
information to be generated by any real or hypothetical values of those 
particular parameters e.g. plant weight, nodules number, tolerance to 
salinity by a particular variety in different soil texture and any parameters 
could be calculated at any given salinity level.  
5.8.1 Nodule number versus salinity  
The results showed a negative relationship between salinity level 
and nodules number (in the second cut). This indicated that the nodules 
number decreased gradually by increasing salinity level. 
5.8.2Plant weight versus salinity  
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The regression models also showed a negative correlation between 
these two parameter, indicating the reduction in plant weight by 
increasing salinity level. 
 
 
5.83 Nodules number versus plant weight 
The results showed a positive relationship between nodules number 
and plant weight, this indicated that plant weight was more affected by 
nodules number. 
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Summary 
1- Bradyrhizobium strains tolerated high levels of salinity (EC or SAR). 
Moreover, strain TAL 209 showed better performance than others. 
Bradyrhizobium inoculation substantially increased growth and 
nodulation of lablab bean. 
2- Chemical and organic fertilizers significantly increased plant dry 
weight and nodulation. 
3- Chicken manure produced higher plant weights and nodules numbers 
compared to phosphorus and nitrogen fertilizers. 
4- It is better to use Bradyrhizobium inoculation instead of chemical 
fertilizers, because it is cheep, economically affordable, easy to use 
and improves plant growth and nodulation. 
5- Mathematical models should be generated from the literature, if 
possible, to give a yardstick for further work. 
Future suggestions 
1- Careful screaning and selection of Bradyrhizobium and 
cultivars should be taken into consideration in introducing 
forage legumes in salt affected soils. 
2- Forage legumes and forage inoculation should receive more 
attention in Sudan. 
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     3-Biofertilization should receive more attention to save the 
environment and to the productivity under normal and salt-stress 
conditions.   
    4- Interdependent research including breading programmes, 
inoculation and fertilization programmes should be 
implanted to improve growth, quality and productivity of 
forage legumes in lands to increase soil fertility. 
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Fig.4.1 Effect of salinity (dS/m) and incubation period on turbidity
            (optical density ) as an index of growth of strain TAL 209.
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Fig.4.2 Effect of salinity (dS/m) and incubation period on turbidity 
            (optical density ) as an index of growth of strain Enrri -6.
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0 5 10 15
Incubation time(days)
O
pt
ic
al
 d
en
si
ty
EC 0 EC10 EC 20 EC 3 0 EC 40
Fig.4.3 Effect of salinity (dS/m) and incubation period on turbidity
            (optical density) as an index of growth of strain USDA 3398.
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Fig.4.4 Effect of sodium adsorption ratio and incubation period on turbidity
              (optical density) as an index  of growthof strain TAL 209.
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Fig.  4.6Effect of sodium adsorption ratio and incubation period on turbidity 
              (optical density) as an index  of growth of strain Enrri-6.
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Fig.4.6 Effect of sodium adsorption ratio and incubation period on   
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           turbidity (optical density) as index of growth of strain    
 USDA 3398.        
 
